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ENSATIONAL HD BARGAINS 


STEREO MICROSCOPE 


WITH CHANCEABLE SECTIVes 


A 
Now! Depth in a Magnified Erect | 
$225 Value to , 7 
Fine, imported Binocular 
This instrument, an item . ONLY substantial saving. Used 
. ’ “a ; ox ations, counting, et ; 
f war surplus, was origi- : > elec 4 : , é I —- 
ail dedaped to ieork ; $95.00 image. 2 pairs of eyepiece rs of ; 
navigational instruments. Postpaid jectives. Power range fro1 
t is being used by indus- Variable interocular distan: 
af pe S aaeaiier” ter dite standard eyepiece reticles. Rack ar 
setent Teese od tension focusing. Hardwood carrying ¢ 
keaeg : ‘essories available. > onde 
testing lenses for definition, as a source of infinite light, and for , ee aoe bite ap tne seaperne hg 
photographing reticles at infinity. It is also being purchased by many : 
firms as a source for the fine lenses and parts it contains. Consists | Order Stock No. 70,036-X 
of a large cemented achromat, 5” in diameter, with a focal length Send check or M.0. or order or ' The 
of approximately 25”, a pin point reticle lighted by a 6-8 volt ig ‘ e an : . ~ 
bulb (to represent a star), a first-surface mirror to reflect the light Optical Parts from $12,000 U.S. Govt Height Finder—M al 
from the reticle. Overall length 14%”; width of cradle 7%”. Objectives, Penta Mirror Assemblies, Eyepiece Assemblies 


7 Write for Bulletin 725- ~ 
Slightly used, but in good working order. ulletin £25-X sce] 


Stock No. 80,025-X $95.00 f.o.b. Barrington, N. J. The 


On | 

NEW! High Pow : One of the Greatest Scientific Mr 
. @ e Toys We Have Ever Offered! Sc1e) 
Microscope 0) jective Designed by Armand Spitz, world-famous maker of the Spitz Edu 


Planetarium. Projects nearly 400 stars, more than 70 con- 
= 3: ° : stellations in their correct relationships. Use it in any darkened ff . 
Providing Long Work Distance — Upright Image room of the house, project it on the a No Seihertas, works | Thr 
; on ordinary household current. Two simple adjustments that show , 
: 4 you the sky as it appears from any point in your hemisphere. . . ” 
The system offered here will for any month of the year! Rheostat control for brightness. : 
give you greater working dis- 32-page book included free of extra cost. Contains valuable in- | ) SC1€ 
tance under the microscope— formation about the stars, provides easy identification of the : Ro 
from objective to specimen, constellations . » 
actually 12.8mms. Especially About 14” high on a 7” x 7” base. jection iieiiees ree 
SS needed where some operation Assi 
& is to be performed. Also pos. Stock No. 70,040-X ...... 
sles tone ont sible to view specimens a 300 
4 iene high temperatures ... or 
gic ag aN where sg is required A. 4 16mm. NE PRO pate) LENS 
> through thickness of trans- F.L. only 1”... or %4 that of standard 16mm projecting lens. Gives you a big | 
parent material. System oper- d ‘times the ates ‘normally obit 
ates very well under phase contrast conditions. This ; 
is of utmost importance—opens up a large field of 
potential uses particularly in dissection. With this 2 » > 
attachment image reversal is eliminated. Made with ; : which fits most 16mm. projectors. Bra 
standard threads. Height 1-23/32”, diameter 1-5/8”. F oe Bi ; was il ing available te change 0. D. for 


Stock No. 50,038-X 8mm.—mag. 20X— to other sizes from 1” to 144”. Direct Roy 
Flite ili sat N.A ‘0 574 ; $112.00 Pstpd : j } sheet included. Back of the lens must ad 
; oT aay ae % ‘ = ‘we thin 5/16” Im. Worth $30 ie 
Stock No. 50,039-X .... 4mm.—mag. 40X— a a re ee Let 
N.A. 0.574 .. $114.00 Pstpd. Projecting Lens—Stock No. 30,119-X $9.50 pstpd 
Sleeve Adapter, 1” 0. D.—Stock No. 40,126-X $1.00 pstpd 














projecting distance. Lens unit 
standard sleeve with an 0. D 











60° SPECTROMETER PRISM IMPORTED MICROSCOPE—100, 200, 300 Power 
Polished surfaces flat to %4 wave-length. Angle tolerances 5 1 Ocular, 3 Objective Lenses, Rack & Pinion Focusing | 
minutes. Dimensions of polished surfaces 18mm. x 30mm. Revolving disc-light adjustable mirror. Square stage 2%” x 25%”. wW 
Made from dense flint glass, free of striae and strain. Ideal Truly a wonderful bargain. TRY IT FOR TEN DAYS — if not com 
for use with all models of spectrometers. pletely satisfied, your money refunded. Comes packed in sturdy, hard 
Stock No. 30,1438-X ere eeTy Tyre .25 Pstpd. wood case. Accessory eyepieces and objective available f 
Stock No. 70,008-X $14.95 Postpaid 





ILLUSTRATED INSTRUCTION BOOKLETS Weve) Gani la.) lao hae 


Easy to follow—accurate—8% x 11 page size—many illustra- 
tions. Do-it-yourself—Save! and have Fun! Price INFRA-RED FILTERS — 53,” dia. 

Stock No. Pstpd. For use with infra-red telescopes, camera attachments, ete. Light from 
How to Build Projectors 4-X 30¢ watt bulb passing through the filter is transformed to infra-red 
Homebuilt Telescopes 40¢ Used on jeep headlights with infra-red driving instruments. %4” thick 
Method to Clean Precision Optics ‘ 25¢ Stock No. 60,033-X $2.00 ea. Pstpd 


Homebuilt Riflescopes “ 30¢ 
New—Just Issued ee ON oe -RED TUBES AND Hye ae 
i APPLICATIONS — Reprinted from RCA REVIE 
Homemade Stereo Adapters ee i NIE oo ae bn 52 tea tes conansaanesasvese>. ¢, 


Ss - Viewers 
eee leet a per Pen Microscope ... 10¢ (Watch for our booklet ‘‘Infra-Red Light and Its Use’’ coming s 


ummy Cameras ‘ 20¢ 
ao ine Systems 15¢ INFRA-RED IMAGE TUBE 


All About Telephoto Lenses ‘ 60¢ Used inside an infra-red telescope, this miniature tube converts infra-red ! 
suilding A Condenser to visible rays on tube screen, which is viewed by an ocular. Brit Apor I 


Enlarger 40¢ Cylindrical shape, approximately 2” diameter, 1-5/8” long. Requires stands’ Scien 
vibra-pack electrical source. ; Assoc 
Stock No. 50,046-X 5 Pst lishe 


IF YOU'RE INTERESTED IN OPTICAL BARGAINS | oapen BY STOCK NO. ‘recht “tS Bl 
PA) Write for FREE CATALOG X terse: ent Fame tor'Seie ot'sorgou “al 
P=) EDMUND SCIENTIFIC CORP., BARRINGTON, N. J. 
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ve Science and Technology % 


From the month’s news releases; publication here does not constitute endorsement. 


Semi-Automatic Densitometer High-Temperature Combustion Tube Fu 


A semi-automatic densitometer, specifically engi- A new, high-temperature, combustion 
neered for paper chromatography and paper electro- 2600°F operating temperature) is adequ 
phoresis, permits the quantitative evaluation of any size — bustions which are normally difficult, such 
paper strip or sheet without cutting. Curves are plotted tool steels and heat-resisting steels. Combust 
directly on the screw driven table, eliminating the need different diameters up to 2 in. can be used 
for intermediate w riting down of values. (Matthew _ the plug inserts at the ends of the furnace, 
Laboratories, Dept. SM, 345 Nepperhan Ave., Yonkers Electric Co., Dept. SM, Milwaukee 1, Wis. 
2, N.Y. 

Powder-Actuated Tool 


‘aulking Compound 
Caulking I A powder-actuated tool has been design: 


A caulking compound that looks and feels like white heavy shank fasteners successfully into struc 
tile and yet can be squeezed from a tube to fill in cracks plates up to an inch thick and into hardes 
and crevices around sinks and tubs has been so formu- ‘The new tool weighs less than 8 Ib. and is 
lated that it will never shrink, crumble, or discolor with — It is designed for either one-hand or two-! 
age. It dries overnight, is waterproof, and helps stop — tion, and sets pins and studs 34 in. in thr 
rust and rot. (Sapolin Paints, Inc., Dept. SM, 229 E. diameter at an average rate of 1 or mor 
42 St., New York 17. (Ramset, Dept. SM, 12117 Berea Rd., 

Ohio. } 
Vernier Bevel Protractor 

A universal vernier bevel protractor (Fig. 1), with Binary Scaling Unit 
Lustro-Chrome finish over the entire measuring dial, A binary scaling unit for Geiger, scintillator 
eliminates all glare, making measurements easy to read proportional counting features well regulated high \ 
and protects the surface from rust and corrosion. Any age power supply, non-overloading linear amplif 
angle can be measured to 5 min by means of the vernier. having a one millivolt sensitivity, input attenuat 
(George Scherr Co., Dept. SM, 200 Lafayette St., New ratios of 10: 1,3: 1, and 1 : 1, flat frequency ré 
York 12.) to 1.5 megacycles, plug-in timer for predetermined ti 

operation, and predetermined count from 10 to | 
10° counts in 25 steps. (Instruments & Equipment 
Inc., Dept. SM, 489 Fifth Avenue (42nd St 
York 17.) 


Lifetime Damper Motor 


The lifetime damper motor has been adapted ti 
jobs as activation of ventilating louvres in greenh 
opening and closing valves, and operating other 

perature control equipment when used in conjunc! 
with thermostats. The new system of operating the 1 
tor has the added advantage of relieving the thermos 


tot 


or other operating device of all electrical load durng 
the time the motor is in operation. (Gleason-Avery, Inc, 
Dept. SM, Auburn, N.Y.) 


Well Torpedo Tube 


A new self-contained, charged, non-sparking torp' 
tube for deep-weil blasting was developed espe 
for use in blasting oil and gas wells. It is a laminat 
tube about ten feet long, made of kraft and asp! 
pers, and serves as its own shipping container. 
pedo tube is constructed so that the flexible cable, wi 
has a breaking strength of 1200 Ib, is never exposed ! 
the sidewalls of the bore hole during loading 
can Cyanamid Company, Dept. SM, 30 Re 
Plaza, New York.) 
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lastic Co ing 

4 vat tested, plastic casing permits permanent 
ng bars to be used indefinitely to mix 
ive acids, alkalis, solvents, and peroxides 
sion or breakage. The fluorocarbon “skin” 
or chip. Nonporous and nonabsorbent, the 

self-cleaning, and can even be 


M. W. Kellogg Company, Dept. 


! virtually 
i7ecl peatedly. 


ML. P.O. Box 469, Jersey City 3, N.J.) 


‘est Tube Washer 


\ test tube washer, utilizing the syphon principle, 


se-washes test tubes continuously and automatically. 
he basket is adjustable to accommodate tubes of vari- 

eneths from 75 to 150 mm. Slightly less than one 
f 2) mm diameter tubes or 2! gross of 12 mm di- 


Will 


eter tubes can be rinse-washed in one load, 


h rporation, Dept. SM, Rochester, N.Y.) 


Insulated Terminal for Heavy-Duty Wire 
\n insulated terminal for users of heavy-duty wire 
fives a positive and complete bond of the insulation to 
the terminal sleeve and insures uniform insulation thick- 
under confined crimping pressures, therefore trans- 
mitting this pressure evenly to the center of the crimp 
brea. Insulation, designed to extend minimum distance 
bevond terminal barrel, provides maximum permanent 
upport and allows the use of large size wire in re- 
tricted areas. (Aircraft-Marine Products, Inc., Dept. 
SM, 2100 Paxton St., Harrisburg, Pa.) 


Fast-Stopping Control System 

A control system for the ultra-fast stopping of electric 
motor-driven equipment is a wholly electrical means of 
developing braking and is applicable to any reversible 


tor. (Techniflex Corp., Dept. SM, Port Jervis, N.Y.’ 


Heavy-Duty Solution Balance 

Ruggedly constructed and yet offering the ultimate in 
sensitivity, this new redesigned heavy-duty solution bal- 
nnce (Fig, 2) has a graduated end reading dial which 
enables the user to obtain a balancing position in a mat- 
ter of seconds and eliminates the danger of any parallax 
errors. A high-strength, lightweight aluminum alloy 
beam reduces the inherent beam load, thereby increas- 
ing the sensitivity and life of the balance. (Ohaus Scale 


Corp., Dept. SM, 1050 Commerce Ave., Union, N. J.) 


Fig. 3 
High-Voltage Testing Instrument 


A portable model, high-voltage testing instrument 
Fig. 3), rated 0 to 10,000 v de at 0 to 500 ma, provides 
continuously variable output voltage and current, large 
H/ in. kilovoltmeter and microammeter individually 
mounted, and panel-mounted neon lamp to visually in- 
dicate flow of excessive leakage current. Applications 
include dielectric strength testing of electric equipment 
and components, measurement of insulation resistance 
up to 1000 megohms, and maintenance testing of heavy 
\ssociated 


Ave., 


Re- 
Chi- 


equipment regardless of capacitance. 
search, Inc., Dept. SM, 3758 W. 


cago 18, IIL.) 


Belmont 


Dual Infra-red Analyzer 


A dual, infra-red analyzer provides, within a single 
unit, continuous analysis for two components in a com- 
plex gas stream. The dual analysis is obtained by cas- 
cading detectors sensitized with the different gases. 
Only one amplifier is employed, and the results are 
presented on any of the standard multipoint potenti- 
ometer recorders, (Liston-Becker Instrument Co., Inc. 


Dept. SM, 649 Hope St., Springdale, Conn. ) 


Freezing-Point Depression Apparatus 

A new freezing-point depression apparatus permits 
rapid, dependable, inexpensive, and accurate cryo- 
scopic osmotic-activity determinations of 1 cx samples 
of aqueous solutions. Among its uses are the determina- 
tion of osmoti some 


pressure, molecular weight of 


water-soluble compounds, and molecular weight of 
many organic compounds soluble in benzol. (American 
Instrument Co., Inc., Dept. SM, Silver Spring, Md 


Masonry Water Repellent Fungicide 


A newly developed, silicone-type, water repellent is 
said to kill fungus, damp mold, and mildew, while 
making treated masonry surfaces water repellent. The 
new repellent does not alter the natural appearance of 





the surface and is recommended for all above-grade, 
exterior use on block, brick, stucco, concrete, and all 
types of limestone. (The Surface Protection Company, 
Inc., Dept. SM, 16845 Euclid Ave., Cleveland, Ohio. ) 


Flame Spectra Pocket Card 

A new, pocket-size card which carries emission spec- 
tra for 36 of the most typical elements determinable by 
modern flame spectrophotometry is designed as a handy 
reference for the flame analyst and for chemists inter- 
ested in this new analytical technique. Emission lines 
are superimposed on a full-color spectrum from 300 
to 900 millimicrons. (Beckman Instruments, Inc., Dept. 
SM, South Pasadena 1, Calif.) 


Distillation Equipment 

A new development in distillation equipment for 
laboratories and pilot plants has been announced. It is 
claimed that charges ranging from 2 ml to 72 liters are 
easily fractionated; also that standard columns can be 
supplied with boilup rates as high as 30 liters/hr, de- 
pending upon the diameter of the column and the pack- 
ing. (Scientific Glass Apparatus Co., Inc., Dept. SM, 
Bloomfield, N. J.) 


Purity Safeguard for Distilled Water Storage Tanks 


A new purity-safeguard for distilled water (Fig. 4) 
enables you to store distilled water in storage tanks and 
yet protect its high purity from air-borne contamina- 
tion. The safeguard prevents organic vapors, alkali, and 
acid gases from entering the tank. The filter element is 
a replaceable cartridge, and the chamber is of copper, 
carefully coated with pure tin on the interior and nickel 
plate on the exterior. (Barnstead Still & Sterilizer Co., 
Dept. SM, Lanesville Terrace, Forest Hills, Boston 31, 
Mass. ) 


Intoke Breather 





Sub-micron 
Filter Cartridge 
(Replaceable) 


C 


Purified Air to Tank 


Fig. 4 


Beta-Gamma Survey Instrument 


A highly sensitive, ionization-type beta- 
vey instrument that will detect increments 
as small as .002 mr/hr above background. | 
response permits readings from 0.01 mr/h: 
r/hr to be covered in only three ranges. 
better than 10 percent of reading at all lev 
Electronic Mfg. Co., Dept. SM, Pasadena, 


General Purpose Cement 


A new clear plastic, super-strength hou 
general-purpose cement joins almost anythin 
including most common plastics, wood, |; 
natural-fibered fabrics, wallboards, china, 
most metals, and even metal to metal reasonab] 
(Cleveland Model Products Co., Dept. SM, 4 


Ave., Cleveland 2, O.) 


Lightweight Radiation Detector 


A lightweight radiation detector, approximately 
by 4.1 by 6.6 in. and weighing about 25 oz, that eas 
fits in a man’s pocket has been designed for locatir 
sources of beta and gamma radiation. It is also usefy 
for measuring radiation exposure of laboratory worker 
and for checking intensity levels during research investi 
gations. ‘The detector can be used for x-ray monitoring 
geological surveys, locating lost radioactive materials 
and for guiding persons in contaminated areas. (Nort! 
American Philips Co., Inc., Dept. SM, 750 S. Fultor 
Ave., Mount Vernon, N. Y.) 


Platinum-Resistance Thermometers 
Strain-free, platinum-resistance thermometers 
standards for measurements of the highest precision an 
accuracy, such as calibration of other thermometers 

measurements of freezing and boiling points, and t 
perature measurements in calorimetry. Range: — 183°C 
to + 500°C. (American Instrument Co., Inc., Dept. SM 
Silver Spring, Md.) 


Deep-Welding Electrodes 

A second electrode, in a newly developed line of ¢! 
trodes with powdered metal in their coatings, is desig: 
for high-speed welding of butt and deep-groove j 
to weld at the lowest possible cost per foot of weld. | 
has excellent x-ray qualities, easy slag removal, top 
physical properties, smooth appearance, and low crack 
sensitivity. (The Lincoln Electric Co., Dept. SM, Cleve- 
land 17, O.) 


Sealed Heavy-Duty Limit Switch 

A completely sealed, heavy-duty precision lim! 
switch, designed for use on all types of industrial equp 
ment where dust, dirt, abrasives, or liquids may be pr 
ent, can be mounted in almost any position in relat 
to the means of actuation. The operating head 
adjustable to any of four horizontal positions 
roller may be reversed on the arm. (Micro Swit 


Dept. SM, Freeport, III.) 
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ve Meetings 


c Soc. of America, Chicago, Ill. (A. A. Hill, 
ichusetts Ave., NW, Washington 6, D.C.) 
tional Astronautical Cong., Innsbruck, Aus- 


\merican Federation of Engineering Societies, 
rd. Paulo, Brazil. (H. Pegado, Edificia Maua, 
Vjaduto Dona Paulina, Sao Paulo.) 

15 International Cong, of Philsophy, S40 Paulo, Brazil. 
M. Reale, Rua 24 de Maio 104-8, Sao Paulo.) 

97. Summer Seminar in Statistics, 5th, Storrs, Conn. 
G. Beall, Dept. of Statistics, Univ. of Connecticut, 

Storrs 

14 nadian Teachers’ Federation, annual, Vancou- 
r. Canada. (G. G. Croskery, 444 MacLaren St., 

Ottawa, Ont., Canada. ) 

1-14. International Conf. on Group Psychotherapy, Ist, 

Toronto, Canada. (J. L. Moreno, 101 Park Ave., New 
York 17, N.Y.) 

))-/4. International Cong. on Child Psychiatry. Toronto, 
Canada. (A. Z. Barhash, 186 Clinton Ave., Newark 5, 
N.J. 

21. World Poultry Cong., 10th, Edinburgh, Scotland. 
Sec., Dept. of Agriculture for Scotland, St. Andrew’s 
House, Edinburgh 1.) 

4-2]. International Cong. on Mental Health, Toronto, 

f Canada. (J. D. Griffin, 111 St. George St., Toronto 6.) 
5-28. Pan Indian Ocean Science Cong., Perth, Western 
Australia. (A. D. Ross, 31 Ventnor Ave., West Perth.) 

Stanford Conf. on Population Problems of Latin 
\merica, Stanford, Calif. (R. Hilton, Hispanic Ameri- 
n Studies, Stanford, Univ., Stanford. ) 
20. National Council of Geography Teachers, San 
Francisco, Calif. (I. C. Robertson, State Teachers 
College, Valley City, N.D.) 

2)-26. American Pharmaceutical Assoc., Boston, Mass. 
R. P. Fischelis, 2215 Constitution Ave., NW, Wash- 
ington 7, D.C.) 

'-27, International Conf. of Ship Hydrodynamics, 7th, 
Goteborg, Sweden. (H. F. Nordstrom, Statens Skepp- 
sprovningsanstalt, Géteborg. ) 

2-24. American Assoc. of Colleges of Pharmacy, Boston, 
Mass. (R. A. Deno, College of Pharmacy, Univ. of 

an, Ann Arbor.) 

(j-26. American Veterinary Medical Assoc., annual, 
Seattle, Wash. (J. G. Hardenbergh, 600 S. Michigan 
\ve., Chicago 5, III.) 

28. International Cong. of Soil Science, 5th, Leopold- 
ville, Belgian Congo. (F. A. van Baren, Royal Tropical 
Inst., Mauritskade 63, Amsterdam, Netherlands. ) 

28. International Cong. for the Philosophy of Science, 
énd, Zurich, Switzerland. (Sec., Internationales Forum 
Zurich, Room 20d, Eidenéssische Technische Hoch- 
schule, Zurich 6.) 

28. International Photobiological Cong., Amsterdam, 
Netherlands. (A. Hollaender, Oak Ridge Nationa! Lab- 
oratory, Oak Ridge, Tenn.) 
~J, International Scientific Radio Union, 11th, The 
Ha , Netherlands. (I. E. Herbays, 42 Rue des Min- 
Imes, Brussels, Belgium.) 

/. American Phytopathological Soc., annual, Estes 
Park Colo. (G. S. Pound, Dept. of Plant Pathology, 

Un of Wisconsin, Madison. ) 

‘iological Photographic Assoc., 24th annual, At- 


lantic City, N.J. (A. F. Hancock, Photo Unit, Jeffer- 
son Hospital, 1020 Sansom St., Philadelphia 7, Pa.) 

28-29 Soc. for Social Responsibility in Science, annual, 
Yellow Springs, Ohio. (SSRS Office. Gambier, Ohio. 

30-1. Mathematical Assoc. of America, 35th summer, 
Laramie, Wyo. (H. M. Gehman, Univ. of Buffalo, 
Buffalo 14, N.Y.) 

30-1, American Soybean Assoc., 34th annual, Memphis, 
Tenn. (G. M. Strayer, ASA, Hudson, Iowa.) 

30-3. International Soc. of Orthopedic Surgery and 
Traumatology, 6th, Bern, Switzerland. (M. Dubois, 
Isle-Hospital, Bern.) 

30-3. International Spectroscopy Colloquium, 5th, Salz- 
kammergut, Austria. (Austrian Chemical Assoc., Sen- 
sengasse 2, Vienna IX.) 

30-3. International Symposium on Combustion, 5th, 
Pittsburgh, Pa. (B. Lewis, Alcoa Bldg., Pittsburgh 19. 

30-9. International Mathematical Cong., The Hague, 
Netherlands. (M. H. Stone, Dept. of Mathematics, 
Univ. of Chicago, Chicago 37, III.) 

31-10. World Population Conf., Rome, Italy. (J. D. 
Durand, Room 3025B UN Bldg., New York, N.Y.) 


September 

1—7. International Soc. for Cell Biology, 8th, Leiden, 
Netherlands. (W. H. K. Karstans, Botanical Labo- 
ratory, State University, Nonnensteig 3, Leiden. 

1—8. British Assoc. for the Advancement of Science, an- 
nual, Oxford, England. (Sec., BAAS, Burlington House, 
London, W.1.) 

8. International Cytological Cong., 
lands. (P. G. Gaillard, Histologisch 
Rijksuniversiteit, Leiden. 

11. International Committee of Electrochemical Ther- 
modynamics and Kinetics, 6th annual, Paris and 
Poitiers, France. (P. Van Rysselberghe, Dept. of 
Chemistry, Univ. of Oregon, Eugene. ) 

16. International Electrotechnical Commission, 50th, 
Philadelphia, Pa. (U. S. Committee, American Stand- 

+5 St., New York 17. 

of Mathematicians, 
(Sec., 2d Boerhaavestraat 


Leiden, Nether- 


Laboratorium, 


ards Assoc., 70 E. 
9. International Cong. 

Amsterdam, Netherlands. 
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HIS is primarily a reaffirmation of faith in 
the mechanistic hypothesis as a firm base for 
the exploration of reality. The need for such 
reaffirmation may be doubted when the faith has 
almost become dogma to the great majority of 








scientists, including the embryologists and psychol- 
ogists to Whom vitalism or dualism might be most 
suasive. However, when phenomena, such as 
those of “extrasensory perception,” lead to dualistic 
formulations like those of J. B. Rhine, it is time 
fo reexamine assumptions and their consequences. 













Mechanism and Dualism 





The idea of mechanism is here meant to include 
the full range of integrated causality. It is not 
dreamed that we will soon be able to interpret all 
of biology in terms of the chemistry of the periodic 
table. The concept of emergence has been fruitful: 








there are levels of integration whose complexity 
demands laws that are not inherent in the nature 
of molecules or neurons, yet must depend on the 
simpler or more fundamental laws. 


When the idea of emergent evolution was rela- 
tively fresh, it may have seemed to be something 
different. To some of the embattled vitalists or 
mechanists of the time, it may have seemed a 


Parapsychology and Dualism 
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neuter; and some vitalists may even have thought 
of it as an ally against the cruder forms of mecha- 
nism. Now that the lines of dispute have been re- 
vised, most of the present generation are glad to 
accept the idea of emergence as a necessary refine- 
ment of the mechanistic concept. Even though 
laws of a complex system may not be directly in- 
ferred from molecular behavior, as soon as a firm 
relationship is empirically established between the 
laws of different levels, they then become part of 
the web of causality. 

The mechanistic hypothesis, then, extrapolates 
this trend of increasing integration in our under- 
standing: nature is one and continuous; laws when 
adequately refined will be generally applicable at 
their own levels; one may expect to relate the 
various levels of the scientific system, approaching 
the state where understanding of causal relation- 
ships will form a continuous fabric. This hypothesis 
specifically excludes dualism. ‘There is no need for 
extraphysical entities when the fabric of causality 
is closely woven. Occam’s razor removes the nap. 

In the wider sense, science is the search for inte- 
present and 


gration—for the unification of the 


future islands of scientific activity. Just as in the 


individual experiment a single result has little 












meaning until brought into a pattern with others, 
so in the larger area of science, even when empiri- 
cal relationships at a given level are well formu- 
lated, we feel that any “explanation” is incomplete 
until it relates to an already consolidated body of 
knowledge. But the razor of William of Occam 
(which trims away unnecessary postulates) must 
be used with discretion; while taking off the fuzz, 
it may cut the fabric of reality. Though the 
smoothest formulation is not necessarily the truest, 
the razor has been useful in reducing science to a 
closely woven discipline. However, if a dualist does 
not want a unified discipline he may decline use 
of the razor. 

Unresolved differences in a scientific or philo- 
sophic controversy may depend on the choice of 
axioms, on the selection and weighting of “facts” 
to be considered, on the logic, and on relative satis- 
faction with alternative conclusions. Faith in 
axioms may determine conclusions, or vice versa, 
with equal logic. Since the differences between 
mechanism and dualism seem to be axiomatic, the 
emphasis in this discussion will be on the logic of 
some interpretations from data gathered by para- 
psychologists. 


Parapsychology 

The phenomena under investigation in the field 
of parapsychology (‘psi phenomena’) include 
both “extrasensory preception” (ESP, which in- 
cludes both telepathy and clairvoyance) and 
“psychokinesis” (PK, a subject’s influence on a 
physical system without any known intermediate 
physical energy). Also involved in some ESP is 
precognition or some other warping of the normally 
understood time sequence in causality. Some of 
these phenomena have been part of literature and 
folklore through the centuries, and there have 
been attempts to gather and authenticate records. 
To the individual, a premonition of the death of 
a loved one, with circumstantial details later real- 
ized, may be utterly convincing. However, such 
anecdotal cases are seldom convincing to the scien- 
tific skeptic who considers the chances of such re- 
ports as compared with the numbers of vivid 
dreams unfulfilled and forgotten. For this reason, 
parapsychologists have built an imposing structure 
of experimental attack on the questions of the 
reality and nature of psi phenomena. Under the 
prod of skepticism, there have been refinements 
in technique, in experimental design, and in sta- 
tistical treatment; and experiments are still being 
repeated and extended. 

One of the largest series of experiments uses 
cards with special symbols: a pack of 25 with five 


each of five different symbols. The sub 
specify the symbols when the faces ar« 
With an expectation of five correct “gue 
any statistical excess of correct answers 1 
sidered as due to the influence of extras 
ception. The statistical excess is gene) 
so that large numbers of runs are ne 
statistical assurance. This thin margin 
ever, given cumulative assurance satisfyir 
skeptical critics. 

Comparable experiments in psychokii 
involve attempts to influence the fall o 
will. Here, there have been precautions t 
ize any possible bias of the dice by rot 
choice of target face and precautions tl 
cannot be read into mechanical skills, eve: ich 
subconscious. This has meant that the subject is 
removed from contact with the rolling mechanism, 
Experimental design has had to avoid confusion 
will between the experimenter or recorde1 
the subject. Again a statistical margin ol 
has been repeatedly reported. 

In both ESP and PK experiments, there has |! 
cross-analysis of the results from many point 
view. One startling result from reanalysis of ESP 
experiments is that, sometimes, when statistical 
success is low with respect to the target cards, 
the same series may show high statistical “success” 
with respect to the card preceding or following t 
target. Subjects differ in psi capacity, and ind- 
viduals fluctuate in capacity. Since no quantitat 
analysis of the whole population for psi capacity is 
being attempted, it is fair enough that study of 1 
nature of the phenomena should be concentrated 
on favorable subjects. 


Meaning and Interpretation 


J. B. Rhine, the leader of the school of pari 
psychology in this country, is an enthusiast. He has 
been indefatigable in experiment, in organizing thi 
activities of others, in bringing to bear as mani 
converging lines of evidence as possible on t! 
problems of the field, and finally in interpreting ¢! 
results and publicizing them against great inertia 
or resistance on the part of the scientific publi 
Because the work of his school is the best know! 
this country, and because of the wide publicity to 
his interpretations and attempts to give philo 
sophic meaning to these experiments, it seems we 
to examine some of his arguments. 

Since the immediate question is on logi 
philosophy, experimental design and statistics w! 
not be closely examined here. Although some cart 
ful skeptics are still not satisfied with some of th 
experiments, for the present it is assumed that 
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der adequate experimental control, there is a 






re siderable body of valid phenomena of the kind 
‘a ntined in the preceding section and referred to 

be con agy Rhine school as psi phenomena. It is also as- 
.d that some of the spontaneous phenomena 





; i are beyond coincidence. Without some 
th in these assumptions, examination of the 
-d logic and philosophy would be irrelevant. 
is limited goal it seems appropriate to con- 
hine’s The Reach of the Mind (1) and a 
is editorials in the Journal of Parapsychol- 
r than the original experimental reports. 

Reach of the Mind summarizes many experi- 
ents, and we will here accept the first conclusions, 
jugh not necessarily the further interpretations. 
Words may lead us astray by changing meaning 
nexpectedly, Let us go to the standard glossary in 

Journal of Parapsychology (2): “ESP (extra- 
nsory perception) : Response to an external event 
bot presented to any known sense.” So far, good! 
his is defined in terms of the unknown, not the 
nknowable. But Rhine repeatedly emphasizes his 
satisfaction with such weak definitions. “Extra- 
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1as been 
ots fmgensory perception in human beings is not merely 
of ESP erception that is not yet accounted for on 
atisticalqgensory grounds. It is more than a negatively de- 
cards ned phenomenon” (3, p. 244). 

ucces"q An editorial by Rhine (3) appeals for coopera- 
ing theggeon by zoologists in extending the study of psi 
d ind.fqgpuenomena to animals, On first reading, the intro- 
titative gquctory paragraphs seem to be a fair statement of 
acity se lob that needs doing, and there is presented a 
of theggood sample of the many unexplained areas of 
trated quimal behavior, such as direction-finding in mi- 
ration and homing. This field has been partly 

rked by von Frisch (4), Griffin (5), Matthews 

, and many others, but if parapsychologists 

"para: Jen Suggest fruitful extensions of experiments, so 
He has (euch the better. However, the elegant experi- 





hents of von Frisch with bees and of Griffin with 
ats have extended our understanding of the senses 
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ng the 
















many 
nm the Meeyond what was conceived before and _ have, 
ng the Menereby, reduced the scope of the unknowable. 
inertia urcly parapsychologists would give due honor to 
yublic, Bech experiments, but apparently this appeal for 
wn in geooperation is motivated by interest in the areas of 
‘ty for known causation; here the multiplication of un- 
philo @uccessful attempts to implicate the senses may 
s wel fe Prove” the existence of psi in animals. 
| A recurrent confusion is epitomized by “the fact 
and eet psi is extrasensory” (3, p. 230); or again (p. 
5 will Met? we find behavior that can be ac- 
care: Jepoun for by nothing else that is known and 
f theff@*Per mentally verified except extrasensory per- 
that ecPtion. . . . It is the only known principle that 
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is adequate.” If we start with the definition 
not presented to any known sense” and then con- 
sider the experiments (cards are “read” without 
sight, hearing, touch, and so forth), and if the 
success is statistically better than chance, then this 
is ESP according to the definition, and a fact; fair 
enough. But many such little facts add up to a big 
fact or principle, and now “psi” changes from a 
label for unknown factors concerned in a class of 
phenomena to a principle, to a metaphysical entity. 
And at the same time, the term extrasensory has 
changed its meaning: it is not merely that the 
sense mechanism is unknown, but that there is no 
sense mechanism (which does not appear from 
the experiments) ; and by faith that there is no 
causal relationship in the usual physical sense we 
have proved that psi is extraphysical. A large part 
of the doubtful philosophic superstructure of para- 
psychology is built over this gap between the words 
and the experiments from which they should have 


taken their meaning. Rhine also says (3, p. 231): 


if it should turn out general 
property of living 
identify an extraphysical function with life itself. 
Since psi offers the one scientific challenge thus 
theory of the 


that psi is a 


organisms this would 


far presented to the physicalistic 
organism, the 
would at least open the way for the possibility of 
that 


substantiation of this hypothesis 
an extrasomatic element in the personality 


might survive organic death. 
This yearning for evidence of immortality is ex- 
pressed again and again, together with faith in 
the demonstrability of free will by means of psi. 

Rhine has repeatedly stressed that extrasensory 
perception is not merely perception that is not yet 
accounted for on sensory grounds. “One positive 
identifying characteristic of ESP is the familiar fact 
that ESP in man 1s an unconscious function . . 


and sensory perception conscious” (3, p. 244). 
This criterion seems doubtful, for there are some 
sensory modalities that make very poor contact 


with consciousness. The kinesthetic and equilibra- 
tory functions in man are weakly transmitted to 
consciousness but are highly effective reflexly. And 
in sleep and anesthesia, some integrated response 
to sensation persists after unconsciousness. A possi- 
ble quibble, on whether these sensations are “‘per- 
ceived,” is irrelevant here, for Rhine has insisted 
on the unconsciousness of extrasensory perce ption. 
Besides, he asks for studies of psi in animals. He 
suggests that, although we cannot verify conscious- 
ness in animals, we should expect to find ESP in 
lower orders of living things as a presensory mode 
of orientation. Why should we expect, and how 
could we know? 









For further identification of psi phenomena in 
animals (beyond the failure of proof of sensory 
mediation), Rhine suggests a constellation of pe- 
culiarities in human psi experiments with parallels 


in work on orientation of rats and mice (8, 9): 
(i) extreme elusiveness (only marginal deviation 
from chance) ; (ii) best effects with a limited num- 
ber of trials per day (pitch of motivation) ; (iii) 
some animals are without the ability, high-scoring 
animals being rare; (iv) a change of trend after a 
certain number of trials; (v) a consistent avoiding 
reaction in some mice and rats (that is, less than 
chance score); (vi) a missing tendency in some 
(positive score with respect to the wrong re- 
sponse) ; and (vii) a tendency for a high rate of 
success at the start, followed by a drop. He puts 
forward these similarities as merely suggestive, but 
surely a compounding of elusiveness with fluctua- 
tion and variability does not give greater assurance 
of a common nature of the underlying factors. 
Since every one of these items is a divergence from 
the “ideal” of high scores, this almost sounds like 
“things unequal to the same thing are equal to 
each other.” Are such marginal functions in mice 
and men to be the foundation stones of assurance 
of immortality? 


Homing in Pigeons 

Before we leave the question of psi phenomena 
in animals, it may be of interest to discuss briefly 
one biological problem, such as homing in pigeons, 
where there is as yet no sure explanation of the 
mechanisms, and where there is active traffic both 
in experiments and hypotheses. It has long been 
known that specially bred and trained homing 
pigeons tend to return to their lofts from considera- 
ble distances, beyond the range of familiar land- 
marks. Is random or systematic search enough to 
account for the success, or do one or more specific 
sensory mechanisms (known or unknown) give 
initial orientation toward the home loft? To these 
possibilities, parapsychologists add the suggestion 
of extrasensory perception, meaning in this case 
real orientation but without sensory mechanism, 
known or unknown. 

In the case of homing pigeons, the statistics of 
time and distance, as well as the observed tendency 
to initial orientation, imply more than mere search 
for the loft. Matthews (/0) has recently shown 
that, although over-all success in homing increases 
with age and training, the capacity for initial 
orientation is full-blown after minimal training 
and, so, is apparently innate. Hypotheses of visual 
or kinesthetic recording of the out-journey have 
seemed inadequate, since the orienting tendency 


was not influenced by carrying pigeo 
ened cages or rotating drums (6) 

Yeagley (J/) suggested that homin 
directed toward the loft coordinates 
formed by lines of equal vertical con 
magnetic force crossing lines of latitude: 
pigeons trained to home to State College. Pa. ,, 
released in Nebraska, they tended to { seed 
Kearney, Nebr., which has coordinates iuivels 
to those of State College. Though no 1 ceptor : 
known for weak magnetic fields, Yeagley seen, 
to get disorientation by fixing magnets to jy 
pigeons’ wings. 

Matthews (6) and others, however, hay 
contrary results. For the latitude component ; 
Yeagley’s hypothesis, Ising (12) had already gy 
gested that the inner ear might interpret 
Coriolis effect of the earth’s rotation. Howeve; 
both vertical and horizontal components of {hj 
effect are so very slight, as compared with grayit 
or with other inertial forces incident to flight, tha 
both Matthews (6) and Griffin (5) have dj 
counted this hypothesis on theoretical grounds 

Beecher (13) has tried to interpret a “gyrocom 
pass” effect from the action of Coriolis forces 
the semicircular canals, but his interpretation i 
based on two misconceptions: that the inertia 
effects work in an independent semicircular cana 
(ignoring the full-circle communication throw 
the utriculus) ; and that the horizontal component 
of the Coriolis effect in the Northern Hemispher 
is always to the east (instead of to the right, what 
ever the direction of horizontal motion). 

Some form of sun navigation has long | 
suspected, since pigeons do not home at night and 
are disoriented by heavy overcast. The standard 
conditions of pigeon racing involve training along 
one compass line and racing from an extension o 
this same line. This might suggest a fairly simple 
sun-angle clue, especially if releases are at the same 
time of day. Kramer and St. Paul (/4), alter 
training pigeons along a single line, concluded from 
the off-line test, in which most pigeons preferred 
the training direction to the actual loft beamng 
that there was a direction sense. Though unde 
these conditions the pigeons might have bet 
trained to a relatively simple sun angle, to 
neglect of their other abilities, Yeagley (//) hi 
already pointed out the necessity of around-tht 
compass training to develop homing to defini 
coordinates. 

Matthews (6, 7) has recently reexamined th 
problem, and by the statistics of orientation {ro 
the release point, he has shown that more th! 
simple sun angle is involved. There was significa! 
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from releases off the training line at 
other than those of training releases; 
en pigeons had been kept from view of 
til the minute of release. Matthews’ 
s that, from the small arc of sun move- 
12 the minutes of orientation, the pigeon 
s the curve to its highest point (south, 
al noon); that this noon altitude is compared 
th home noon altitude to give latitude differ- 
ve: and that the difference in azimuth at noon 
+a direct time difference) gives longitude dif- 
rence. Matthews (7) got confirmation by keep- 
.« birds from view of the sun for 6 days before 
e September equinox, when sun altitude was 
anging most rapidly. At the time of release, this 
location of the sun from its remembered position 
\duced a corresponding error in orientation. And 
hen physiological time was thrown off by several 
ay of irregular periods of artificial light, tempera- 
re change, and feeding, he reduced the pigeons’ 
rientation to random. After careful discussion of 
difficulties, Matthews concludes that visual 
cuity, angle measurement, and time sense are 
robably adequate for this hypothesis, which is 

therwise well supported by his experiments. 
Even though sun navigation, according to 
fatthews’ hypothesis, seems the best present ex- 
lanation of much of the pigeon’s orientation ca- 
acity, such navigation may be supplemented or 
ibmerged under special training conditions; it is 
ipplemented for homing by local pilotage to rec- 
gnized landmarks; and it is obviously inapplicable 
)the orientation of night-migrant species. Really, 
alternative hypotheses of pigeon orientation 
ave not been excluded but merely made highly 
nprobable: we are unwilling to believe that 
inesthetic recording of the out-journey can take 
count of as many irregular movements as have 
en superposed, Though the results of experi- 
ints with magnets are equivocal, the logic of 
disproof,” if magnets should not disturb orienta- 
on, would depend on disbelief that a small back- 
ound magnetic effect could be read through 
oss experimental fluctuations. So also our ex- 
‘rience of sense-organ thresholds makes us doubt 
hether the inner ear could get Coriolis compass 
ues not overwhelmed by gravitational and chance 
ertial effects. Finally, however, though Matthews’ 
ypothesis of sun navigation seems to be well sup- 
rte experimentally, it rests on assumptions of 
ieasurements of angles and time which, be- 
event, most of us would have ruled out 

lly improbable. 

this flux of ideas, extrasensory perception 
duced as a possible explanation for direc- 


ontatic 


nes OL ¢ 


1? 
trapola 


tion-finding. Pratt (/5) now proposes an experi- 
ment to test ESP: instead of training from a fixed 
loft, one might train pigeons from a mobile loft 
with three habitual stations, perhaps 10 miles apart 
at the points of a triangle. The experimental flights 
would determine whether the pigeons could choose 
the direction of the new station to which the loft 
had been moved. This proposal has the real merit 
of going beyond the usual assumption and asking 
a testable question: Is homing really to the “re- 
membered” space coordinates, or is there some- 
thing about the loft per se that is perceived when 
out of visual (?) range? One who is tradition- 
bound might doubt, before the event, whether the 
answer would be in the latter sense. If there is such 
homing to a new location (and there are equiva- 
lent anecdotes of dogs “‘psi-trailing”’ their masters) , 
there will really be something to think about. To 
the mechanist, this would leave a lot to be ex- 
plained; to a dualistic parapsychologist, ESP would 
be the explanation—Q.E.D. 

Therein lies one major point of this discussion. 
If the difference between mechanism and dualism 
is essentially in choice of axioms, what conse- 
quences are likely to follow from the two attitudes? 
If Pratt should perform this experiment and get 
striking results consonant with his ESP hypothesis, 
probably he or other parapsychologists would re- 
peat and extend the experiments. Such further 
investigation would be partly for self-assurance and 
to confirm the results against skeptical criticism, 
and partly to define the conditions and limits of 
the phenomena, but would hardly be to look for 
the explanation. The “explanation” is already 
there. A mechanist results 
would feel that he lacked an explanation. He 
would hope to design further experiments, espe- 
cially to test the nature of the causal relationship 
between the loft (abstracted from a constant lo- 
cation) and the pigeon’s behavior. Explanation 
should relate to some known physical or physiolog- 
ical systems. If imagination should fail, or the tests 


confronted by such 


prove inconclusive, or time or energy run out, the 
problem would be filed with unfinished business. 
A mechanist would not think that, because the 
file is labeled, he may write Q.E.D. One may pro- 
pose as virtues in science (however poorly real- 
the continued tension of search, and the 
constant remembrance of the gaps between evi- 
dence and interpretation and of the gaps between 
proved relationships and the other areas of knowl- 
edge. Q.E.D. is a punctuation point for mathe- 
matics and logic rather than a goal of the material 
sciences. It is a symbol for tension relaxed, a scien- 
tific nirvana. 


ized ) 





Extraphysical Functions 


Rhine discusses not merely “extrasensory” per- 
ception but also “extraphysical” relationships be- 
tween the external world and the extracerebral 
mind. Again, we seem to find that the word extra- 
physical is used to blow hot or cold at will. We 


later vaguely 
“cc > 
relative 


find clear statements of dualism, 
qualified, and apparently ending 
dualism.” Against the challenge of materialism he 
16, p. 84): 


The real issue, however, is not merely one of 
whether or not psi phenomena can be explained by 
physical principles. It is rather a question of 
whether man is a relatively simple, one-system 
creature or whether he has the much greater com- 
plexity attaching to a combination of two different 


with 


Says 


systems of lawful operations. 
This is qualified (p. 85) : 

The kind of absolute dualism that drove psychol- 

ogy into the arms of physics is concededly not 

defensible. . . . Fears of absolute pluralism should 
not blind the scholar to distinctions that are 
ters of experimental observation. Rather, 
observations should lead back from the phenomena 
to the underlying causal nexus in some deeper- 
lying substratum where the basis of unification can 
be discovered. Thus faith in the integrity of the 
universe may be restored for those who are worried 


mat- 


about it. 

This sop to the feelings of the mechanists is just 
pushing the same problem one step further back 
if the substratum is below the level of physical 
causality. This substratum becomes the mystical 
entity if it is not observable; if it becomes part of 
the fabric of causality, the concept of “physical” 
may be extended. 

The term energy is used with vague or fluctu- 
ating meaning. Besides the known physical ener- 
gies, there is, according to Rhine, a psychic energy 
that does not affect the senses and does not pro- 
duce effects directly related to time, space, and 
mass. “There is to our knowledge, however, noth- 
ing but a psi phenomenon that appears to defy all 
these criteria of physical operation and at the same 
time displays intelligent purpose in the process” 
(16, p. 86). 

What is meant by the independence of psi from 
space-time-mass? In each bit of evidence offered, 
we see, not a logical exclusion of the physical in- 
fluence, but a failure to explain such influence. In 
telepathic experiments, almost equally good results 
have been recorded with the agent and percipient 
in adjacent rooms or separated by the Atlantic; in 
physical experiments, any influence should fall off 
with distance; ergo, this experiment shows ESP 
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to be independent of distance (space) a: 
physical. 

With respect to independence of 
tionships, psychokinetic experiments ai 
pp. 113-5). In experiments with large 
dice of the same material, 
significant difference, but in one series 
higher success with larger dice: ‘“‘just tl 
of what one might expect from a physi: 
Likewise with dice of equal volume, 
cess was obtained with those of greate: 
(metal versus wood). And in both of th 
it is suggested that the difference may 
preference on the part of the subjects 
are physical differences related to the resy 


there wa 


the results are dismissed because they ar: 

to a naive, a priori concept of the unknown ; 
cal system. Both here and in long-distai 

if we do not know what physical forces 

ing, or how, is it fair to say that, if they w 
ing, it must be by the simplest system imaginabk 
and if this first hypothesis does not work, that ¢! 
system is extraphysical? We might recall 

the children’s paradoxes, such as the downward jet 
of air through a hollow cone which lifts a | 
into the throat of the cone; unless one knows | 
the forces are channeled, it is unsafe to draw 
conclusions. 

Rhine says (/, p. 62) that the physics of ton 
row is a pointless speculation; that the parapsy- 
chology of tomorrow may add further to the diff 
culties of a physical explanation; that we 
think in terms of present both 
physics and in parapsychology. No! There would 
have been slow scientific advance if we had 1 
sought explanations for phenomena uninterpret 
ble at the time. When Rhine says that (/, p. 154 
“Every conceivable counterexplanation has b 
considered and found inapplicable to the findings, 
we must take exception. If we accept the pattem 
of phenomena labeled ESP and PK, we must con- 
tinue to look for mechanisms and so hope t 


» ti 


knowledge, 


augment the physics of tomorrow and enlarg' 
scope of the conceivable. 


Mind and Brain 

Since parapsychology developed in relation | 
questions of human personality, the most obvi 
context of dualism here is the mind-brain 1 
ship. Rhine has stressed this as a fundamen 
problem (/, p. 152): “It is this higher stratum © 
the personality dominating through _intellige! 
volition the receptor-effector levels of life that » 
the terra propria of psychology, a domain the 
stands clear of physiology.” Most of the logic ' 
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dualism” is based on the supposed 
mn that the psi phenomena are extra- 







»monst 
rela densory extraphysical, meaning again, not 
ted wi not vet been explained,” but “will never be 
d smallfyplained in terms of the senses or of physics.” 
ten Cert , there is at present no agreement among 
here waglfmeurologists or philosophers on whether the mind 





; something beyond the functional and subjective 
the brain (or better, of the body). This 
m: learly seen in a series of BBC broadcast 
talks on The Physical Basis of Mind (17), an at- 
empt to summarize knowledge and express con- 


‘© Opposite 





theory,” 





leher suc 





ter density 


hese 







Series, 
be due toffvictions for the lay public. Both the neurologists 
But herefland the philosophers, all considering about the 
esults, yetfl@ame range of evidence (differently evaluated), 





show the full range from mechanism to dualism. 
Sir Charles Sherrington and Viscount Samuel 
reiterate most explicitly the Aristotelian query of 
how the mind is attached to the body: a dichotomy 
s assumed. Even Penfield, a neurosurgeon, after 
iking an elegant, brief mechanistic interpreta- 
some- 


€ contrary 





wn physi- 
ince ESP. 






are work- 






fore work- 





laginable: 





tion of the brain’s activity, concludes: 
thing else finds its dwelling-place between the 
ensory complex and the motor mechanism 
there is a switchboard operator as well as a switch- 
ard” (17, p. 64). This final twist is given no sup- 
port beyond a patient’s subjective feeling that the 
movements induced by electric stimulation of his 
Smotor cortex are not by his will. Some of the 
irologists make mechanistic exposition of their 
data without discussing the philosophy, but others 
have specifically indicated the semantic pitfalls. 
Zuckerman says (17, p. 25): “If mind is conceived 
{ as something which interacts with body—or as 


, that the 





| some of 





nward jet 








parapsy- 





the diff- 






we must 
both in 


re would 










had not {some parallel manifestation to body—the scientist 
terpreta- may be misled into trying to solve problems which 
p. 194) Mimay prove unreal.” 

as been A stimulating symposium on Cerebral Mecha- 






ms in Behavior (18) is less for the lay public 
than shoptalk between neurologists and psychol- 
gists trying to come to common terms. As with 
most shoptalk, the philosophy is in the background, 
but it seems clear that these men are talking with 
common faith in causality. One is impressed by 
the energy and eagerness of attack on a series of 
problems that go far beyond the older anatomy and 
reflex physiology. Some of these problems 
ie definitely in the field of “mind” and at a level 
beyond the artificial simplification that once made 
physiology almost irrelevant to psychology. 
'his field has matured greatly in the last quarter- 
another century may still further justify 
the mechanistic hypothesis. 

lt is clear that modern physiology is revising the 
anatomical pattern with respect to which the ulti- 
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mate question may be asked. Certainly the brain 
by itself is not enough. Even by old tradition, we 
say that under the guillotine a man loses his head, 
not his body. The personality is a function of the 
whole organism. If many of the obvious nervous 
correlates of mental activity seem to be concen- 
trated in the head, and if the cerebral cortex of 
man seems to be at the top of a hierarchy, we still 
cannot consider the cortex as independent of its 
sensory input or its motor discharge patterns. 
Many of these motor patterns are already func- 
tioning on a genetic or conditioned basis at a 
subcortical, even spinal, level. Their spontaneous, 
repetitive, or sequential nature depends on feed- 
back by reverberating circuits, and these patterns 
are then modulated by cortical activity. Sperry 
(19) has suggested that a motor approach to the 
mind-brain problem may be more fruitful than 
the traditional sense-centered approach to percep- 
tion: operational adjustment is more significant 
than impressed sensory patterns, and conscious 
unity means that the brain becomes adjusted to 
deal with the perceived object as a unit. 

When Rhine suggests that only by research can 
we find whether the cerebrocentric or psychocentric 
view is correct, we may assent. In the meantime 
our thinking will be guided by something less than 
complete proof. Rhine seems to derive conviction 
from his experiments and from philosophic deduc- 
tions based on ambiguous words. On the other side, 
though equally without logical proof, there is 
much of human dignity in the valedictory of C. J. 
Herrick after a lifetime of research, A Neurologist 
Makes Up His Mind (20 

. . this mind is something that I have made . . 

it is an active part of me, something that I am 

doing... . My want, 


I work for, and my ideas about it, are ac- 
But my 


conscious motives, what I 


what 


tually caused by 


previous events. 
detachable 


as biologist cannot be a 


something from my 
body. Che biologist 
dualist. . . . All mature as he knows it is an o1 
derly unit, and anything outside of this integrated 
therefore 


mind is not 


system ... is unnatural and out 
of reach by the method of natural science. 
For as Dr. Cannon has graphically shown, there 


a wisdem of the body and, as I maintain, there is 


no other kind of wisdom. 
Free Will 
Closely related to the concept of mind is the 
problem of free will, and here Rhine has met (or 
made) a paradox. He concludes that there is evi- 
dence for precognition (psi phenomena are thus 
independent of time as well as of space and mass) 


In the present preliminary state of experimenta- 








tion, the range of accuracy of precognition is not 
yet known. He sees that if it were 100-percent ac- 
curate, and if everyone had full precognition, then 
events must be completely predetermined; there 
could be no free will (/, pp. 81-82). But limited 
precognition is made into an argument for free 
will (7, p. 220) : 

Half of the social toxicity of the cerebrocentric 

view of man lies in the fact that it allows no true 

volitional freedom the ESP and PK experi- 
ments show that the mind has freedom from 
physical law. In fact these researches offer the 
only clear-cut evidence available that can help in 
the solution of the problem of ethical freedom. 

They give an experimental basis for a satisfactory 

‘freedom ratio’ or latitude of self-regulation en- 

joyed by the mind. 

This is a circular argument. It is clear that 
Rhine considers free will as urgently desirable, 
socially. But what is this socially desirable free 
will? Surely not merely an ability to perceive at 
a distance or in the future, or to exert influence 
without known physical intermediation; and these 
are all that the experiments seem to show. But too 
much precognition would be the gift of Cassandra, 
and since that would be repugnant and unthink- 
able, we must accept the evidence for a satisfactory 
freedom ratio. 

E. W. Sinnott, in Cell and Psyche: The Biolog) 
of Purpose (21) develops a thesis: 

that biological organization (concerned with 
organic development and physiological activity) 
and psychical activity (concerned with behavior 
and thus leading to mind) are fundamentally the 
same thing. |p. 48] To talk about ‘mind’ in a bean 
plant . is more defensible than trying to place 
an arbitrary point on the evolutionary scale where 
mind, in some mysterious manner, made its ap- 

pearance. |pp. 49-50 
Not only mind, but purpose too is continuous 
throughout the evolutionary scale; purpose is a 
special aspect of self-regulating systems. “Homeo- 
stasis . . . is the satisfaction of our most basic de- 
sires” (2/, p. 55). Minnaert (22) extends this idea 
to astronomy: a star also is a homeostatic system; 
no entelechy is needed for the maintenance of 
equilibrium, since existing systems are those that 
have historically established such equilibria; ex- 
planations must be sought in cosmogony or phylo- 
geny. Minnaert, like Sinnott, stresses organization 
as a basic concept, but he extends it beyond living 
systems. 

Sinnott feels that he has sidetracked the mind- 
body dualism by showing mind and body to be 
two aspects of one problem, and that the real 
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issue of freedom is the question of wha 
sets up self-regulating systems and, tl 
purposes. The interrelated philosophi: 
if sidetracked, are temporarily left 
modern mechanists could not object. Bu 
the meaning of free will is blurred if \ 
we and beans are free to circumvent, 
any obstructions to our mechanistically d 
purposes (inborn, conditioned, or more si 
by). We are free 
sire. After this essentially mechanistic 
Sinnott ends up with some poetic aspirations and 
a statement of preference for an aggressive ideal. 
ism over the usual materialistic position. It is hard 
to see the relationship between this and his pre. 


to desire what we 


ceding analysis. It almost seems as though he and 
Rhine had arrived at a similar “relative dualisyy” 
by very different routes. Rhine, incidentally has 
used Sinnott’s hypothesis of biological continuity 
of mind and purpose to suggest a wider field for 
psi phenomena (16, p. 87). Again we may wender 
whether he is really careful of the distinction be- 
tween psi phenomena and psi as a mystical non- 
physical principle. Is he willing to assimilate the 
psi concept to the mechanistic analysis of Sinnott 
and Minnaert? 


Scientific Recognition 

Rhine is distressed at the reluctance of scientists 
in various fields to recognize the work of parapsy- 
chologists. Besides the inertia of ignorance or lack 
of interest, there has been active opposition. As 
with any controversial subject, experiments hav 
been criticized, the statistics brought into questior 
and there have even been imputations of bias. |! 
the results seemed valid, there were still some whi 
sulked and went back to a priori denial or, as 
the present case, criticized the logic of the con 
sions. All this has seemed to Rhine to be an 
rational, unscientific defense of entrenched preju- 
dice. This question is again timely in the light o! 
a survey whose results have recently been pub- 
lished by Warner (23) and discussed by Rhin 
(24). 

The questionnaire on psychological opinion 
ESP was addressed to a good sample of Fello 
of the American Psychological Association and wa 


similar to one sent to psychologists 14 years befor 
The distribution of answers, too, was surprising 
similar to that for the previous questionnaire: about 
three-quarters still consider ESP either a remot 


possibility or merely an unknown. However, t! 
answers indicating acceptance of ESP as an 

tablished fact or a likely possibility rose from 
percent to 16 percent, while those considering 
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lity dropped from 14 to 10 percent. 
to Rhine a thin return for 14 years 
is particularly disturbed that in each 


Creates 


Oblen ¢ 











flort 
MOS t 20 percent of the respondents admit 
ang pasine (cir opinions on purely a priori grounds. 
a} that L scl percent have put in a priori objection, 
etal put this ly accentuates ve pone 
tly coma Rhine tries to analyze possible reasons for the 






pychologists’ reluctance. Perhaps they are just not 
hood scientists for not looking at the evidence? 
Perhaps the parapsychologists have been impolitic 
in overzealous claims for the significance of their 
work? Neither of these, nor the two together, can 
account for the whole situation. 


Must ce 





analysis 
tions and 
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t is hard 
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h he ind 
dualism” 
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ontinuit, 











Psychology cannot accept ESP and still hold to a 
physicalistic philosophy of man. Psychology’s 
difficulty over ESP is concerned not with the evi- 
lence—neither its amount nor its quality—but 
with its implication for his philosophy. [24, p. 228 









field for 






y wenderf One may agree so far, and yet reject the next 
ep in which he implies that the doubters let their 
philosophic position determine whether or not 
empirical findings are acceptable. It becomes per- 
tinent to reexamine the questionnaire. The key 
iestions are in the form: “In your opinion, is 
xtrasensory perception’ a likely possibility?”’ and 
0 forth. If the question is thus nakedly put, with- 
out definition or qualification, how is the respond- 
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arapsy- Ment to know whether he is asked to judge ESP 
hed lack phenomena or the philosophic doctrine erected 
ion. AsMthereon? The statistics of the answers become 
ts havi meaningless. Indeed, it is clear from the written-in 
uestion, comments, of which Warner gives a sample, that 
bias I several have consciously wrestled with that prob- 
ne Wi0 Hilem before committing themselves to any answer. 
» 10 BSome have accepted the empirical findings but 
sammie ave rejected the term extrasensory perce ption as 
“) Ma prejudiced interpretation. In spite of these com- 
Pru Miments, Rhine seems to ignore their significance. 

ight 0 Undoubtedly, there are many “scientists” with 
a9 loced minds. And it is likely true that prejudice 





y lea ios " ‘ ’ : i . ‘“- . 
n academic departments and scientific journals 
as made less easy the investigation of parapsy- 

















— 7 chological problems and their publication. But 
ellows i many whom Rhine suspects of prejudice may be 
id was glad to examine the evidence while reserving judg- 
cay ment on the interpretations. If neurophysiologists 
ik or students of sensory perception or of animal be- 
=o havior see the opportunities in this field, they may 
nest well lp to bridge the gap. But if they are per- 

© fP Svaced that no bridge should be found, why should 
: p they ry? Although cooperation by neurophysiol- 
$8 pOgist’ might be good, Rhine has a more urgent 
ng inte in the study of psi phenomena: “What 











other scientific basis is there for challenging mate- 
rialism?” (24, p. 231, his italics). 

In the field of parapsychology, there is much 
still to be explained. There are problems with 
human interest, with dramatic overtones, and with 
fundamental questions for psychology, physiology, 
and physics. Not only Rhine and his colleagues 
but many others are pursuing this important work. 
Assuming that the experimental findings have 
demonstrated some valid patterns of phenomena, 
it becomes important that their meaning be under- 
stood. Here it seems that Rhine’s enthusiasm has 
led to too free derivation of consequences from 
the experiments. The focus of attention in this ar- 
ticle has been on these interpretations rather than 
on the experiments. It will be agreed that in para- 
psychology, as in all of science, much is still un- 
known; concerning the unknowable, we may not 
agree. Given time and effort, we have faith that, 
without resort to mystical entities, what is now 
unknown may be woven, thread by thread, into 
the fabric of scientific understanding. 

Note added in proof: Since this manuscript was 
submitted there has appeared a new book by Rhine 
New World of the Mind, William Sloane, New 
York, 1953). Although he deplores the label of 
dualism, he continues to use essentially dualistic 
formulations, feeling that he has proved the non- 
physical nature of psi and the mind. 
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NFORMATION on specific associations of in- 
sects and their host plants is somewhat known. 
Certain groups of insects, such as those of the 

order Homoptera, are strictly phytophagous; that 
is they feed upon plants, in all their active stages. 
The larvae of the Lepidoptera, with few excep- 
tions, are plant feeders. ‘The Orthoptera, except the 
Mantidae and a few general feeders, are in the 
same category. Certain groups of Coleoptera, such 
as the Chrysomelidae, Curculionidae, Cerambyci- 
dae, Elateridae, and the Buprestidae are strictly 
phytophagous. Strange combinations of food habits 
occur in groups such as the blister beetles Meloi- 
dae, where the larvae are predaceous and the adults 
feed upon foliage of plants. 

Little data, however, are available on the nu- 
merical relationship between phytophagous insects 
and their hosts. It is generally estimated that ap- 
proximately 50 percent of the insect species are 
plant feeders. This range is from 38 percent in 
Death Valley to 52 percent in Connecticut (/-4). 
These figures do not include the pollenophagous 
insects, which contribute about 3 percent of the 
species. No figures are available for the species that 
feed on nectar and honey, which include a rather 
large group. The plant-insect relationship can be 
considered from two viewpoints: the plant as a 
host for insects, and the insect that attacks various 
plants or groups of plants. 

* Authorized for publication on Dec. 22, 1953, as paper 
No. 1849 in the journal series of the Pennsylvania Agri- 


cultural Experiment Station. 
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A single species of plant frequently supports : 


than one species of insect. For example, 2 


of insects are known to feed on pine. Of cour 
infestations of all these could not survive « 
single tree, but there is a delicate adjustment oj 
the species to different parts of the tree 
leaves, stems, twigs, wood, bark, roots, and so 
—permitting a large number to compete (Fig 
Groups of related plants often support an immens 
number of species. One thousand are said to att 
oaks, 400 attack apple, and 200 are found on cor 
On the other hand, some plants are hosts t 
few or no insects. Ailanthus is almost without pests 


and Ginko has few or none. There are few pla 
however, without their pests and most plants ha\ 
many. 

Considering the subject from the standpoint 
the insect, further relationships can be cited. Som 
species are polyphagous; that is, they attack a la 
number of hosts. The Japanese beetle, for examp 
attacks 366 different plants. The Gypsy moth ha 
78 native hosts and accepts 458 in captivity. Othe 
insects are oligophagous or more specific in thei 
selection of hosts. Still others are monophagou' 
accepting only one species. Aphids and leaf miner 
often select individual hosts or plants that are ve! 
closely related. The Mexican bean beetle fee: 
bean and closely related plants, such as soybean 
and cowpeas. The harlequin bug is a pest on cab: 
bage and other closely allied Cruciferae. Such pre 
erences are often a convenient means of identifyins 


] ’ 
18 Ol 


the insect concerned. 
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1. ‘This diagram shows how 20 species of insects 


nay adjust themselves to feed on pine and minimize com- 
petition for food: (1) five feed on the foliage; (2) three, 
n the buds; (3) three, on the twigs; (4) two, on the 


5) four, on the cambium; (6) one, on the bark; 


two, on the roots. 


For a more detailed view of the subject, let us 
onsider that there are approximately 138,000 
species of ferns and flowering plants and approxi- 
mately 640,000 described species of insects in the 
world. Assuming that 50 percent of the insects are 
phytophagous, there are about two and one-half 


s of insects to every species of plant. Another 
ple can be taken from a more limited geo- 
hic area; Wiegand and Eames (9) list 1637 
s of plants from the Cayuga Lake Basin, and 
‘9 species of insects or 6574 phytophagous 
are listed from New York State (6), re- 
in 4.01 insects to every plant. This compar- 
somewhat exaggerated because the number 
ies of plants from the Cayuga Lake Basin 
loubtedly less than that known from New 
State. House (7) lists 2881 species of plants 





from New York State, which gives a figure 2.20 


insects per plant. 

A different relationship of insects and plants can 
be obtained by considering a group of insects, such 
as the aphids, that are quite specific in their selec- 
tion of hosts. Edith M. Patch (8) lists 3500 species 
from the world. Thus, there is about one species 
of aphid to every 39 plants. One must remember 
that aphids are primarily temperate-climate insects, 
and the number of species of aphids per plant 
would be much higher where aphids are abundant. 
For example, Leonard (6) lists 128 species of aph- 
ids from New York State, while Wiegand 65) lists 
1637 vascular plants from the Cayuga Lake Basin. 
Upon these comparable figures, we derive about 
one species of aphid to every 12 plants. 

Leaf-mining insects also lend examples for com- 
parison. Martin Hering (9) discusses 218 species 
that attack 118 European plant families. My own 
records include 633 world species attacking 156 
plant families (/0 

Table 1 is an attempt to evaluate the relation- 
ships of plant-feeding species. It is commonly 
known that orders such as the Orthoptera, the 
Homoptera, and the Hemiptera are phytophagous 
in all their active stages. The Hymenoptera, Lep- 
idoptera, and Diptera attack plants chiefly in the 
larval stage. It is difficult to obtain accurate figures 
on the number of described species in the different 
orders. Much depends on whether subspecies, races, 
and varities are included, not to mention the diffi- 
culties involved in considering the numerous syn- 
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Fic. 2. The relative number of species in the various 


insect orders. 





Table 1. Numerical relationships of important phytophagous orders.* 
Percentage No. No. 


Stages 
phytophagous described phytophagous 


Order : 
rdet involved 


speciest species species 

Orthoptera All 90 20,000 18,000 
Isoptera All 100 2,000 2,000 
Thysanoptera All 99 1,500 1,485 
Hemiptera All 50 31,000 15,500 
Homoptera All 100 26,500 26,500 
Coleoptera Chiefly larvae °6 250,000 65,000 
Lepidoptera Larvae 98 120,000 117,600 
Diptera Larvae 25 78,000 19,500 
Hymenopiera Larvae 10 89,000 8,900 
Total 618,000 274.485 


* The orders Collembola, Dermaptera, Corrodentia, Trichoptera, and Plecoptera, which contain only 
tophagous species, are not included. 

+ Of orders. 

t Of total phytophagous species. 


onyms that occur in literature. All orders probably —sanoptera, and Lepidoptera are chiefly phytophag. 


contain more species than have generally been re- ous. ‘The appraisal of the percentage of plant fe: 
corded. Specialists working with the Homoptera _ ers in the other orders is more perplexing. 
and Thysanoptera in particular state that the num- If we rate the importance of insect order 
bers generally recognized are undoubtedly low. — the basis of the number of described species 
However, the relative proportions would probably Coleoptera lead with 250,000, the Lepidopt 
not change if the number of species was raised in come next with 120,000, and the Hymenopte: 
all orders. The most difficult problem occurs in de- come third with 89,000 (Fig. 2). If, however, w: 
termining the percentage of phytophagous species rate insects as plant feeders, the picture is quit 
in each order. The Isoptera and Homoptera are different. ‘The Lepidoptera lead with 117,600, 1 
wholly phytophagous, while the Orthoptera, Thy- Coleoptera are second with 65,000, the Homopter 
are third with 26,500, and the Diptera are four! 
with 19,500 (Fig. 3). The Homoptera, a relative! 
large order that is 100 percent phytophagous, cor- 
stitute a relatively small portion of the phytopha- 
Lepido plera gous species. The Isoptera, also 100 percent phyto- 
117,600 phagous, constitute even a smaller percentag 
the plant-feeding species. 
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HEN new conditions pose basic problems 

whose solution, though urgent, is not 

achieved, a crisis develops in human af- 
fairs. Ideological cleavage develops, for even if the 
ls point univocally to the remedy, the polymor- 
phism of human thought generates rival diagnoses 
oncerning the sources of human affliction. And 
thence issue conflicting proposals for social recon- 
struction in economics, politics, religion, education, 
and the arts. 

In our own time, reflection on the pervasive prob- 
lems growing out of industrialism has led to both an 
enthusiastic reaffirmation and a vehement condem- 
nation of the thesis that only man’s powers of ra- 
tional or scientific thought can solve the multiple 
problems and puzzles of existence. The modern 
roots of this Diesseitsphilosophie of naturalistic 
humanism go back to the Renaissance. And its de- 
tractors agree with its protagonists that reliance on 
the scientific method as the sole way of knowing has 
become an important element in the ethos of con- 
temporary civilization. 

Recent critics of naturalistic humanism, to which 
they refer disparagingly as “‘scientism” or “modern- 
ism,” have called it the root error of modern man 
and the fountainhead of his recent epic tragedy. We 
are told that science is a sacred cow and a false 
god (1), that even when properly understood, the 
application of its methodological canons to the so- 
cial sciences inevitably issues in a theoretical under- 
pinning of totalitarian abuses (2), that by rejecting 
based on 

3), and 


supernaturalism, a  world-perspective 
science leaves no room for human values 
that the secular thesis of the autonomy of man has 
‘uced anachronistic optimism among left-of- 
r liberals (4). In short, the success of science is 
to be a kind of succés de scandale, not pri- 
y because it makes possible weapons of mass 
iction, but, much more fundamentally, be- 

science has become a philosophy. 

ramifications of this issue are clearly funda- 
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mental to ideological controversy in the contempo- 
rary world. In order, therefore, to contribute to a 
responsible assessment of the merits of scientific 
naturalism, I shall first discuss some aspects of the 
logic of scientific explanation bearing directly on 
the problem before us. And then, I shall state, in 
the context of dealing with particular subsidiary 
problems, the reasons which lead me to think that 
scientific knowledge of the world and of man does 
not require supplantation by the products of extra- 
scientific modes of thought. Finally, I shall consider 
the contribution that such knowledge can make to 
the realization of the good society and examine the 
claim that ethics requires a theistic foundation 
which alone can provide a satisfactory answer to 
modern man’s moral perplexity. 


I 

If one of us were to fall asleep at his desk while 
working and then found, upon awakening, that his 
desk was gone, while everything else in his study 
was unchanged, he would ask instantly what person 
or force of nature had effected the removal of his 
desk. He would not regard the disappearance of his 
desk as “natural,” if he found that his room had 
on the 
un- 


remained closed during his siesta. But if, 
other hand, he found his desk before him 


changed upon regaining consciousness, he would 
hardly ask why it had not sunk away into nothing- 
ness or why it had not automatically undergone 
metamorphosis and become a zebra. 

We discern here an important feature of the logi- 
cal mechanism that generates the questions we ask: 


we know from experience, or we think we know, 
the behavior exhibited by things when they are “left 
to themselves” and, thus, call that behavior their 
“normal” behavior. Then, when we note deviations 
from what we have come to regard as the “‘normal” 
behavior, we explain these by postulating causes 
events (or acts by 


for them. Thus, “causes” are 


conscious agents) to whose occurrence we attribute 
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the changes we observe. We do not invoke causes 
to account for the “normal” behavior of things, 
since we believe that it transpires without them. 

The laws of nature comprise statements asserting 
what the “normal” behavior is as well as descrip- 
tions, both qualitative and quantitative, of the kinds 
of changes that will ensue from given types of 
causes. It is by virtue of such laws that the various 
particular events which we call “causes” are seen to 
explain the particular occurrences which we call 
their respective effects. And thus, the explanatory 
mandate given to inquiry by the question “why?” 
when asked concerning particular events, is to show 
that these are instances of a certain law (or laws 
and that their occurrence is attributable to the fact 
that the conditions for the applicability of the 
relevant law(s) materialized. 

Our quest for explanation does not, however, 
cease at this point, for we endeavor to explain not 
only particular phenomena but also the patterns of 
their occurrence. For example, we explain Kepler’s 
laws of planetary motion by showing them to be 
special cases of laws more general in scope than they 
are: Newton’s law of universal gravitation together 
with his laws of motion. By encompassing not only 
the planets of the solar system but also the masses 
everywhere else in the universe, Newton’s laws are 
more comprehensive than Kepler’s. Thus the scien- 
tific explanation of a given law L of nature is 
achieved by exhibiting L to be a logical consequence 
of a more comprehensive law G or of a combination 
of such laws. 

It is crucial to realize that while G entails L logi- 
cally, thereby providing an explanation of L, G is 
not the “cause” of L. More specifically, laws are ex- 
plained not by showing the regularities they affirm 
to be the products of the operation of causes but 
rather by recognizing their truth to be special cases 
of more comprehensive truths. Accordingly, laws 
are neither “causes” of other laws nor the effects of 
“causes,” as individual events can be. Hence, it is 
significant to trace a given event to an earlier one 
by asking “how” the former came about as the 
terminus of a temporal process. But only confusion 
can result from inquiring “how” a law came about 
as the product of earlier causes. 

Can science itself provide “ultimate reasons” for 
the facts of the world? Does it not forever defer 
providing a basic explanation by endlessly invoking 
ever more comprehensive principles to assuage our 
hunger for understanding? And is this not a futile 
effort to allay our philosophic puzzlement, since 
the question “why?” must be asked anew in regard 
to any law of nature, however general? To deal 
with the substance of these questions, let us suppose 
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that, per impossibile, a future Einstein wer 
us a set of laws so comprehensive that they 
all occurrences, past, present, and future. 
be argued that, even then, the following 
would pertinaciously call for an answer 
does the universe possess the structure des: 
these laws and not some other equally con 


999 


structure?” Yet science could not explai 
hypothetical laws in the manner in whi 
plains their less comprehensive derivatives, s 


An insight furnished by Francis Bacon (1561—1626 
.oa 


hypothesis, these laws possess maximum generalit 


will serve to remove the seeming impasse he: 
he (3): 

. although the most general principles in n: 
ought to be held merely positive, as they a1 
covered, and cannot with truth be referred 
cause [reason]; nevertheless the human understand 
ing being unable to rest still seeks something 
in the order of nature. ... But he is no less a 

skilled and shallow philosopher who seeks « 
[reasons] of that which is most general, tha 
who in things subordinate and subaltern omits to d 
SO, 


Bacon here urges us to see that the most comp: 
hensive principles of nature simply are what th 
are as a matter of brute fact. All explanation pi 
ceeds within the framework of these principles. | 
seek an underpinning of any kind for these U 
setze is to misconceive explanation in a fundamenta 
way. On the other hand, the recognition of th 
brute-fact character enables us to understand t 
basis for the indispensability of the experimenta 
method in our search for knowledge of the world 
since even the most comprehensive laws of natu 
have an infinity of logically conceivable alterna- 
tives, we must employ sensory awareness rather tha 
mere thought to ascertain which one of this infinit 
of conceivable structures is, in fact, embodied in t 
actual world. But it is a mistake to ask, on 
strength of being able to envision a variety of stru 
tures in thought, “how” the world came to acqu! 


its particular structure rather than one of the con 


ceivable alternatives, for this question is inspir 
by the erroneous conception that the laws of natu 
are products of earlier causes. And thus Bacon’s ! 
jection of this question does not constitute an in- 
position of an ad hoc prohibition on a question en 
barrassing to science. To point out, as Bacon does 
that a question is basically misconceived at the out 
set because it issues from false prior assumptions 
not tantamount to failure to answer the question 
It might be objected that, contrary to Bacon, t! 
question at issue here is not born of confusion 
all. For is it not reasonable to ask how the un 
MONTHLY 
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) Zive oether with its laws originated, on the grounds 
brace ‘hat it must have come into existence at some past 
might wa 2 And, in this case, would we not have to un- 
estion de write our entire edifice of scientific explanation 
r: “Why by extrascientific explanation in terms of theologi- 
cribed by cal concepts? Scores of philosophers and theologians 
nceivabli have given numerous rebuttals to this argument 
un these from creation. I shall, therefore, confine myself to 


ch it ex. offering some criticisms of this argument which I 


since, by regard as particularly telling. 


enerality First, when we note in daily life and science 
1~1626 “where things come from,” we always find that even 
re. Said those objects which were fashioned by conscious 
for example, human beings) were always 

made from previously existing materials rather than 

‘rom “nothing.” Thus, according to the evidence, 

thines “come from somewhere” in the sense that 


if 


rstand physical forces or conscious organisms, using physi- 
g prior cal forces, transform them from one state into an- 
an un other. A vast variety of changes in nature take place 
pecauiag without participation by conscious organisms, and 
8 : there is no case of “‘nothing” being turned into 
sto d 


“something,” even when changes are instituted by 


intelligent agents. 


compre- Second, if it is maintained that it is not conceiv- 
lat they ible that an infinite past time has elapsed and that 
10n pro- the universe could therefore not have existed for- 
ples. I ever, the reply is that, in this case, the Deity itself 
e Urge- must have been created at one time, for, by hypo- 
amental thesis, there was no past eternity during which it 
of ther could have existed. Moreover, the notion of an in- 
and th finite past time offers no greater difficulty to the 
imental intellect than that of an infinite future. In fact, 
| world although our finite memory span makes infinite time 
natur spans somewhat implausible psychologically, we 
alterna- have learned through modern mathematics to give 
ver than these infinities positive mathematical and physical 
infinity meaning, 
d in th More fundamentally, even waiving these objec- 
on tht tions, we must ask in what sense our understanding 
IE struc- is deepened or enhanced by the assertion that the 
acquil Deity created the universe and its laws out of noth- 
he con- ing at some time in the past. Upon attempting to 
nspire fathom the meaning of this sentence by determining 
natur vhat occurrence is envisioned by it, we encounter 
mn's Te ily utter obscurity. The entire semblance of mean- 
possessed by this sentence is conferred on it by 
On em lrawing on a crude anthropomorphic picture in 


n does, vhich the Deity is visualized as having fashioned 
1€ Out- a world from “nothing” (whatever that is!) in the 
Hons 1s uanner of a craftsman who applies his skill to spe- 
tion. ‘ic materials. Once this picture is stripped of its 
ropomorphisms, the hypothesis of creation ex 
‘0 can hardly be regarded as even remotely 
idatory, let alone as an improvement upon the 
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scientific conception set forth in foregoing para- 
graphs. 
In recent years, several noted scientists have ad- 


vanced cosmogonic interpretations of the astro- 
: : ° rT: . . eS 
nomical hypothesis of the expanding universe 


which require the postulation of some kind of abso- 
lute beginning of the material world, with or with- 
out a Deity. I must refer to other publications for 
the technical reasons on which I base my view that 
these cosmogonic interpretations are not sound 
(6. 7B) 

Jut might it not be contended legitimately that 
the theological hypothesis of creation is true, even 
though admittedly unintelligible to finite human 
minds? Whatever the extent of human inadequacy 
and frailty, no argument could be more unavailing 
and self-stultifying than a theory that demands as- 
sent to an admittedly unintelligible proposition and 
offers such a proposition as an improvement upon 
scientific thought to boot. For, even if one is willing 
to accept such a claim on faith in the absence of 
evidence, it is impossible, with the best of inten- 
tions, to do so, since one can believe only that which 
one understands. Otherwise, what is it that is beng 
believed? It is incontestable that assent requires: 
prior understanding, if the assent is to be signif?- 
cant at all. One wonders, therefore, in what sense 
there can be a community of faith or belief, rather 
than of mere verbal utterance, in regard to state- 
ments that are admittedly unintelligible. And one 
is distressed by the intensity of the emotions en- 
gendered and the effort expended to secure from 
people an assent which, in the nature of the case, 
can be no more than parroting linguistic expres- 
sions. 

This point of view does not bespeak flagrant cos- 
mic arrogance on the part of man inspired by the 
denial of theism, for does not the physical universe 
itself constitute an inexhaustible and unending chal- 
lenge to us, of which science and life remind us 
again and again? And was it not the complexity of 
this same physical universe that led a Kant and an 
Einstein to express a kind of awe for it? 

We must now clarify the scientific status of 
miracles, since they have often served to impugn 
the capabilities of scientific explanation in the 
minds of men. History records various reports of 
occurrences so unusual and baffling that some re- 
gard them as not susceptible of scientific explana- 
tion. These events are held to be miracles in the 
sense of being the result of special divine interfer- 
ence in, and infringement on. the “natural order.” 
Thus, although the events in question were 
avowedly observable, they are claimed to be “out- 
side” the natural order, as it were. 





It is not in keeping with the spirit of the scientific 
method to dismiss peremptorily reports of such oc- 
currences; they should be rejected only if careful 
investigation reveals them not to be authentic. 
Hence, the scientific method does not countenance 
at all the attitude of those who think it is lése- 
majesté to consider the possibility that there may be 
events which constitute exceptions to those generali- 
zations that we now regard as the laws of nature. 
But we shall now see that the dogmatists who claim 
the sanction of science in thus unscientifically block- 
ing the road to inquiry are brothers, under the skin, 
of the proponents of miracles, construed in the 
theological sense. 

Let us suppose, for the sake of the argument, that 
there is an authentic case of asexual human repro- 
duction or that a cancer patient whose illness ought 
to have irretrievably proved fatal in the “natural” 
course of events has a complete and permanent re- 
mission. Precisely what could then be validly infer- 
red? Nothing more, it seems to me, than that the 
respective generalizations previously derived from 
limited experience are not broad enough to include 
these new findings and, therefore, require revision in 
order to accommodate them. More particularly, we 
would then realize that we had now encountered 
for the first time the effects of a rare concatenation 
of causal conditions whose outcome was, therefore, 
previously held to be impossible. But is precisely 
such revision of previously accepted generalizations 
not characteristic of theory-construction within the 
framework of science, whenever new facts suggest 
the inadequacy of those principles which we had 
previously thought to be the laws of nature? On 
what grounds, then, and by what criterion does the 
proponent of miracles achieve a differentiation 
between those newly observed facts which merely 
compel the revision of previous generalizations but 
which he regards as part of the “natural order,” on 
the one hand, and those observed facts that have 
the alleged status of being “outside” the “natural 
order,” on the other? 

Is it not clear that what we conceive to be “na- 
tural” at any given time depends upon the scope 
of the generalizations that we have come to regard 
as “the laws of nature” up to that time? The propo- 
nent of miracles dogmatically affects to be able to 
select from the body of scientific principles at any 
given time those that are the “true” laws of nature 
and allegedly immune to revision by any occurrence 
“within” the “natural order.’ Hence, if and when 
it turns out that we observe an instance contrary to 
one of the principles belonging to this gratuitous 
elite, then the occurrence in question automatically 
acquires the status of a “miracle” or “violation of 
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the laws of nature.” But there are no grounc. othe, 
than narrow habits of thought and fiat for skins 
the required selection among the princi» jes of 
science. And we have already seen that observed 
facts do not present themselves to us with t 
ing us whether they are “natural,” though 
grounds for revising our previous generalizat 
thaumaturgical products of divine intervention. 
Once we jettison the unscientific dogmatisy 
which gives rise to the generic division of observe, 
events into “natural” and ‘ 
that it is a contradiction in terms to speak of 
“violation” of the natural order by miracles. For, by 


“supernatural,” we se 


definition, the true laws of nature, as distinct froy 
what we regard to be the laws at any given tim 
cannot disallow any authentic observable fact o| 
nature! Bacon made an apt remark relevant here. 
. there is found in all arts 
that the author lays the 


when he said (9): 
one general device 
weakness of his art to the charge of nature; what- 
ever his art cannot attain he sets down on the au- 
thority of the same art to be in nature impos- 
sible.” (J0) The origin of the miracle concept must 
thus, be sought in the psychological surprise occa- 
sioned by certain phenomena and in their involve- 
ment of the fears, hopes, and taboos of man. 

It is highly instructive to see that the dogmatic 
blunder concerning the inviolate “natural order” 
which gives rise to the miracle concept has also been 
committed several times within scientific 
with resulting penalties of confusion. When Galileo 
enunciated the law stating that it is “natural” for a 
body to continue moving with constant velocity 
when no net external forces are acting on it, his 
Aristotelian critics asked him to specify what 
“cause” kept the body from slowing down and 
coming to rest. Their question was inspired by thei 


theory 


underlying contrary assumption that it is “natural” 
for bodies to come to rest when no forces are acting 
on them. In the terminology of the beginning o! 
this section, the Aristotelians regarded rest to be the 
“normal” state of things. And thus they failed to 
see that Galileo’s more intensive and more careful 
observations had taught him that the “norma!” be- 
havior of things is, indeed, different from what they 
had supposed it to be. It was, therefore, utterl) 
illogical on their part to demand that Galileo tell 
them what “‘causes” in nature were making things 
deviate from the behavior which they had errone- 
ously been led to conceive as the “normal” one! 
Having had the benefit of Einstein’s genius an 

thus, possessing the wisdom of hindsight, we can se 
that, at a more recent juncture in the history o! 
science, the eminent physicist Lorentz committed 
the same logical error, when Newtonian physics en- 
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serious difficulties in explaining the re- 
famous Michelson-Morley experiment. 
that Newtonian physics gives us the true 


count 
] ? 
sults Ol 


Assum 
‘ture and, thereby, defines what is “na- 


Lorentz was driven to postulate causes in 

vplain the deviations of the results of the 
n-Morley experiment from the predictions 
onian physics. But Einstein was able to 
that these experimental results, though 


laws O 

] 
tural, 
ordet to 
Miche 
of New 


point out 


inexpected, do not require causes after all, because 
he recognized them as integral to the “normal” be- 


iavior of things. 
II 


[he direction and character of human hopes and 
desires has an important bearing on the relation 
between science and ideology. The facts we observe 
we never absolutely univocal with regard to the 
pothesis that explains both them and other facts 
not yet ascertained. Consecuently, there may well 
be several articulate rival hypotheses that succeed 
n explaining a given body of facts known at a given 
time. Under these circumstances, individual think- 
ers, social groups, and cultures will tend to effect 
: selection among these rival hypotheses in accord 
with their over-all philosophic premises and ideo- 
ogical aspirations. Moreover, some hypotheses are 
advanced on the mere strength of the emotional 
omfort and solace that their acceptance might af- 
ford. Thus, some argue for personal immortality on 
the grounds that man would feel mere at home in 
the universe. Yet in matters not involving such emo- 
tions, these same people would be quick to point out 
that one should not accept hypotheses as true merely 
because they are pleasing and we lack proof that 
they are false. They would emphasize that, instead, 
me should accept hypotheses only if there is posi- 
tive evidence for thinking that they are true. 

l'o what extent does the universe permit the satis- 
faction of universal human longings or the attain- 
ment of the goals sought by particular ideologies? 
The answers to such questions depend upon the 
actual causal structure of the world and can, there- 
lore, not be decreed a priori. 

(his point is often overlooked, not only by theistic 
thinkers, but also by contemporary Marxist writers, 
who are thereby led to commit an important fallacy 
in the following way. They know from history that 

ientific theories are often given fallacious, irrele- 

interpretations and then are used as ideological 
ments toward the attainment of unjust social 
tives. For example, the results of intelligence 
iven to Negroes and whites have been used as 
s for advoeating the maintenance of second- 


citizenship for Negroes. 
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It is both true and important to realize that scien- 
tific theories often exert powerful ideological influ- 
ences outside the domain to which they are relevant 
and that they may be widely abused sociologically. 
Nevertheless, it is a fundamental error to forget that 
the truth or falsity of particular theories of psychol- 
ogy, biology, or physics is quite independent of the 
actual or potential abuses that may be made of them 
by groups in society. It is one thing to say that a 
theory is false in the light of the pertinent evidence 
and that, in addition, it is being misappropriated 
for dubious social ends. But it is quite another thing 
to say that a given scientific theory is false because 
it is thus being misappropriated. 

Marxist writers have frequently not been satisfied 
with criticizing socially undesirable misinterpreta- 
tions and distortions of scientific theories on the 
strength of evidence drawn from the respective do- 
mains to which these theories pertain. They have 
gone further and rejected theories in science simply 
from fear that they might or would be twisted in a 
socially undesirable way or because the theories in 
question cast doubt on the feasibility of some part 
of the program of building a communist society. 
But whether the communist or any other program 
of social reconstruction is realizable depends not 
merely on the intensity of the dedication of its ad- 
herents but also on the objective facts of nature and 
society in their causal interrelations. And hence, 
it will not do to argue that a physical, biological, or 
social hypothesis is false merely because its supposed 
truth would entail the frustration of certain hopes 
and efforts toward human betterment. 

Once a social theory becomes the touchstone of 
all scientific theory, then our volitions and aspira- 
tions circumscribe a priori our findings, even in the 
sciences of nature. The result is that, much to the 
detriment of scientific discovery, social theory singles 
out certain scientific theories whose espousal is then 
held to be hostile to the creation of a better society. 
Yet it is possible that one or another of the theories 
thus rejected is actually true! An example of this 
type of fallacy in which apprehensions growing out 
of social aspirations are used as a criterion for effect- 
ing a selection among several astronomical hypothe- 
ses is found in an article in the new East German 
philosophic periodical Deutsche Zeitschrift fiir 
Philosophie I] 

If one assumes that there is actual recession of the 

known spiral nebulae, then one can postulate this 

recession to be taking place everywhere in the uni- 
verse, if it is assumed that our universe has spatially 
an arbitrary hy- 


finite dimensions, i.¢., if one uses 


pothesis to confine [permanently] our ability to 


know |the world] to what is now within the reach of 





our knowledge (the “extent” of such a universe 
would be approximately ten times greater than the 
range of the giant telescope on Mount Palomar). 
This delimitation, which effects a to the 


anthropocentrism of Genesis or of Ptolemy is of in- 


return 


terest only to idealists [philosophical opponents of 


dialectical materialism]. 


ut, whether palatable or not, it may turn out on 
the basis of astronomical observations that space is 
finite (though unbounded in the technical sense of 
Riemann) rather than infinite. Moreover, the af- 
firmation of spatial limits on the size of the universe 
is not tantamount to the affirmation of the exist- 
ence of an intrinsic limitation on our knowledge of 
that universe in the manner desired by obscurantists. 
In fact, a finite universe might conceivably lend it- 
self to more exhaustive exploration by man than an 
infinite universe. In any case, however, the philo- 
sophic foundations of society would be quite un- 
affected by whether the universe is finite (in the 
or infinite. 


III 
Among those who sincerely share the same ends 
for example, the endeavor to maximize human 
welfare in respect to health, material well-being, 
there is sometimes strong 


Riemannian sense 


cultural opportunities 
and far-reaching disagreement on what mode of 
economic and social organization will, in fact, bring 
about a desired end. Insofar as ideological disputes 
concern issues of this kind, the truth in the matter 
can always be ascertained, at least in principle, by 
the application of the scientific method, although 
the truth, once available, does not always carry 
conviction. The issues in disputes of the kind we 
are considering are issues of objective causal fact, 
even if it is quite difficult to accumulate the relevant 
information over a period of generations. Thus, by 
applying the acid test of fact to a priori conceptions 
of man that restrict the contexts within which hu- 
man betterment might otherwise be attempted, the 
scientific method opens new vistas for the solution 
of man’s problems. And in contemplating the feasi- 
bility and merits of alternative forms of society, the 
canons of the scientific method make us guard 
against including in our conception of “human na- 
ture” those behavioral aspects that are merely pecul- 
iar to man’s adjustment to our particular form of 
social organization. In_ this the scientific 
method can serve to select among the visions regard- 


way, 


ing the adventure of man. 

Now there are those who recognize that science 
can contribute definitively to answering the ques- 
tion of what ought to be done to achieve stipulated 
ends. But they go on to maintain that man’s ra- 
tional faculty is at a loss to choose among rival ends 
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tions at this crucial point in the foun 
ethics. This position seems to me to be o; 
decisive objections, one theoretical and 


or goals of living and must rely on diy 


practical, 

In the first place, if we are told that wh 
goodness (or rightness) on an end is that 
commands us to seek it, then we must as 
with Socrates “whether the pious or h 
loved by the gods because it is holy, or ho! 
it is beloved of the gods.” And, in the sam: 
must point out with the contemporary 
philosopher G. E. Moore that it is nontrivial to ; 
“Is that which is [allegedly] commanded by G 
good?” a question whose very significance show: 
that “good” cannot mean “commanded by God. 

In the second place, it is proverbial that 
Judaeo-Christian theology has been invoked as 
sanction for such diverse ethical doctrines as 
divine right of kings, the inalienable rights of |i 
liberty, and the pursuit of happiness, Negro slav 
“Deutschland uber alles,” the social Darwinisn 
Spencer, and socialism. It would simply be fly: 
in the face of facts to maintain that South Afri 
Malan thinks of himself as less of a Christian t! 
Albert Schweitzer does. Some religious sects in In 
would have us abstain from the surgical excisior 
cancerous growths in man, and Christian Scient 
in the West reach somewhat similar conclusi 
from rather different premises. Roman Catho 
on the other hand, endorse the medical preventic: 
of death but condemn interference with nature 
the form of birth control, a position not shared | 
leading Protestant and Jewish clergymen. 

The observer who is not already identified 
one of the contending theological parties can s 
clearly that the moment a theology is to be used t 
yield ethical prescriptions, these rules of cond 
are obtained by deliberations in whose outcon 
secular aims and thought are every bit as decisiv' 
in the reflections of secular ethicists who der 
theism. And the perplexity of ethical problems 
not lessened by the theological superstructure 
therefore cannot see in what sense theism can | 
held to be logically necessary as an axiomatic bas 
for ethics. Nor can I agree that theism as such ca! 
serve vitally and convincingly to lessen the ethi 


perplexity of modern man in cases in which his 


secular resources of rational thought leave |! 
a quandary. 
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The Standard Observer in the Sciences of Man 


Phe social sciences must take physics as their model; but the true model I suggest 
is more like that of a critic of the arts. A sensitive critic of Rembrandt knows some- 
thing of what is in the picture. Can this knowledge be formalized? Can he give evi- 
dence? Can he graph the factors in his intuition? The demands are ludicrous. The 
critics can write, and the best of them write impressionistically. But the best critic 
cannot make an insensitive or inexperienced person see anything at all. His “evidence e 
is not scientific evidence, but simply repeated appeals to the spectator to notice, to 
see, to feel. Can the style of a painting be formulated? Can its particular beauty be 
demonstrated? Can anything that is valuable and important in the work be demon- 
strated to some chance, anonymous “standard observer” unless that observer himself 
fcels something of the greatness of the Rembrandt? The appeal can be successful; 
but it cannot be demonstrative. Neither can criticism be turned into a “science.” For 
neither the Rembrandt nor the critical remarks about the Rembrandt have the slightest 
validity for someone who “can’t see” the Rembrandt. It isn’t merely a question of 
liking or disliking the painting; the insensitive cannot even see the aesthetic object. 
He sees nothing but colors and shapes, nothing but a “picture.” But the living criti 
can see something. 

Such is the situation of man before those who see something 
insight can be expressed and will be illuminating to those capable of understanding; 
but it will be nonsense and sheer fantasy to many. And now our question, is: who 1s 
the judge of whom? To make the “standard observer” the judge of the truth of in- 
sight in a Dostoevsky or a Shakespeare is a reversal of roles whose sole root is envy. 
They are not schoolboys submitting papers to us for correction. We are not their 
judges, they are ours. They are the judges of what human nature is and is not, not 


of his nature. Their 


we, the standard observer, armed with methods, techniques, statistics, charts, and every- 
thing but insight and genius.—William Earle, Ethics 63, 298 (1953 


7. H. Reichenbach, The Rise of Scientific Philosophy 
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y Pe 399 


Dec. 1953 


171 1953 
1952 





The Body Physiologic and the 


Body Politic 


WALTER B. CANNON 


The late Walter Bradford Cannon’s suggestion that 
the automatic regulatory mechanisms of the body physi- 
ologic might be applied to the body politic were first 
proposed during the de pths of the depression in 1933 
under the title “Biocracy’ {Technol. Rev. 35, No. 
6 (Mar. 1933)). It was during a low point of World 
War II that, in his presidential address before the 
AAAS, he again directed attention to some lessons con- 
cerning the establishment of equilibrium in the body 
politic to be learned from the body physiologic. 

Today in this troubled world, it seems appropriate 
to consider again the delicate adjustments whereby the 
body physiologic maintains its stability and thereby 
perhaps discover ways in which greater stability in the 
body politic can be achieved. This abridged version of 
Dr. Cannon’s presidential address [Science 93, 1 (1941 
was prepared by Mary Sanford Taylor and read by Dr. 
Cannon before his death in 1945. 

Walter Bradford Cannon was born in Prairie du 
Chien, Wisconsin, in 1871. He spent his childhood in 
St. Paul, Minnesota, and came to Harvard as a student 
in 1892. He Harvard as a student and 
teacher for the next 53 years. His career was devoted 
to physiological research and teaching at the Harvard 
Medical School, where he was George Higginson Pro- 
fessor of Physiology for 36 years. While an undergrad- 
Medical School he began studies of the 


remained at 


uate in the 


T this bewildering time, when ancient cus- 
toms are not respected and new forms of 
society are being tried, it is pertinent to 

inquire if we can find a social organization that will 
yield more of the benefits of security than we now 
enjoy. Man is beset by uncertainty and strife and 
loss of employment through new inventions and 
craves social security. He wants a more stable soci- 
ety but not a static society that will make occupa- 
tions or classes rigid, or check the use of human 
ingenuity to advance man’s welfare. Freedom for 
fresh discoveries and for the emergence of eminent 
ability must be preserved. Therefore a social order 
assuring not security alone, not freedom alone, but 
both security and freedom is the desirable goal. 
States of stability and instability in nation, indus- 
try, and home are closely linked. When a break 


activities of the digestive canal by the then » 
covered Roentgen rays. His observation of the distur). 
ing effects of emotional excitement on digestive process: 
led to a broad survey of the e fe cts of emotions on bod 
functions and to the idea of the emergency function 
the sympathetic nervous system and the adrenal medull 
The results of this survey were reported in a book en- 
titled Bodily Changes in Pain, Hunger, Fear and Rag 
[reprint, C. T. Banford, 1953). His studies on traumat 
shock in the wounded during World War I have served 
as a basis for many later studies on this baffling problen 
The concept of homeostasis, which he defined as th 
maintenance of a steady state of the unstable substan 
within the body by means of nicely adjusted regulatoy 
to external distw 


mechanisms that resist change due 
bance, came to him as a result of the scrutiny of | 
great variety of bodily functions. It is the concept 

homeostasis that inspired his remarks at the AAAS 


meeting. 

Throughout his life, Dr. Cannon maintained an act 
interest in the world outside his laboratory and 
always alert to the important role that science and | 
own researches could make to human progress. His 
book, The Way of an Investigator [Norton, New Y 
1945), is an autobiographical account of the experier 
life, problems, and pleasures of a scientific investigat 


and teacher.—Bradford Cannon. 


occurs in the even course of large aggregations, t! 
ultimate units, human individuals, become the ai- 
most helpless victims. Recognition of that fact 
the stimulus for devising a social organization t 
prevent distress which might be avoided by apply- 
ing human intelligence. 

Any social or industrial group presents interna! 
and external relations. The family must consid 
the outs 


its members’ needs and relations to 
world. Industry must consider employees as w 
competitors, changes of style, and governmenta 
requirements. Nations have domestic and for 
relations to consider. For purposes of later 
sion, we should note at this point that our b 
in their functional organization show activities th 
can be distinguished as internal and external. I 
nal energy is used up and fatigue products acc! 
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Walter B. Cannon during the 1930's in his laboratory at the Harvard Medical School. The kymograph in the back- 
ground was used in this laboratory for many years as a means of recording physiological data. The records were 
made on a smoked sheet of paper. This method has been supplanted to a considerable extent by ink recordings 


ind by electronic recording devices. 


late from voluntary use of muscles in external re- 
lations, as in play or work, and these changes must 
be attended to. Also external heat and cold, for ex- 
ample, require internal adjustments. Thus, stability 
of the body for its own functioning is preserved. 
Indeed, one of the marvels of biology is the remark- 
able effectiveness of the regulative processes of the 
body’s department of the interior for maintaining 
constancy. 

Steady states of the body are the more wonderful 
when we consider the highly sensitive and unstable 
substances of which it is made. The retina is hun- 

s of times more sensitive than the most sensitive 
tographic plate, and brain cells are instantly de- 
ent on a continuous supply of oxygen. This 
ty of the body is the more astounding when it 
get repair materials from the outer world and 
continuously give off its own waste products. 
over, this adjustment goes on through all the 
s of growth, despite powerful alterative forces 
iting from within and without. Here is an out- 
ing achievement as the result of evolutionary 
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processes over eons of time. Let us examine this 
supreme triumph of organization by nature for pos- 
sible light on present defects of organization by man. 

The most important device for preserving steady 
states is the constant bathing of our living parts by 
blood and other circulating fluids. We exist in a 
fluid matrix separated from the external air by a 


layer of inert horny skin, and as long as there are 


no noteworthy variations in this internal environ- 
ment, our organs function without being disturbed 
by the ups and downs of external circumstances. 
To make this fact clearer, let us consider a few in- 
stances. 

Steadiness of the body temperature. 
thermostable state of the highest vertebrates is one 
of the most valuable advances in biological evolu- 
tion. The body discharges heat at all times, but if 
the body temperature tends to fall, this discharge 
is checked and there is greater heat production. 


If the temperature rises, the discharge of heat is 


The nearly 


accelerated and a constant state. called homeostasis. 


is preserved, 





The steadiness of mild alkalinity of the blood. A cular conflicts between man and man o1 
slight shift to an acid reaction would result in a man and beast are rare in civilized cou 
coma, or a more alkaline reaction would bring on internal adjustments are always ready to 
convulsions. If acid accumulates as in exercise, body for a single purpose—survival. Bloox 
breathing and heartbeats become more rapid, cir- increased, heartbeat is accelerated, blood 
culation is hastened, more oxygen is thereby deliv- faster and to specially active regions, res) 
ered to the active organs to burn nonvolatile acid, deeper and more frequent, extra corpus: 
and faster processes of the body rid it of the result- more oxygen, and adrenaline is discharged 
ant excess of volatile carbonic acid. Again homeo- force nerve impulses. All this disturbs th« 
stasis is preserved. environment but renders the organism mx 

The steadiness of the blood’s sugar concentration. — tive in a contest that may issue in life or dé 
In vigorous exercise much heat is set free by the Since, in violent struggle, more nonvola 
contracting muscles (producing acid), and blood waste is produced in the muscles than available oxy. 
sugar is abundantly utilized, but again regulatory gen can burn, muscular efficiency may be lessened 
processes prevent harm to the body by preserving but the body runs that risk. When the emer 


‘Y 
Ait 


homeostasis in the fluid matrix. is over, extra oxygen must be supplied to make w 


Steady states are assured by storage in times of — this “oxygen debt.” The body does not defer thi 
plenty and release from storage in times of need. debt but pays it promptly by deep breathing ar 
When food is plentiful, starchy reserves are stored in rapid blood flow, so that a condition which migh; 
the liver, but if sugar in the blood is reduced, these — seriously limit freedom of action is soon abolish; 
hepatic reserves are drawn upon and a safe concen- A final notable feature of bodily organizat’ 
tration in the blood is maintained. Too much salt, is the favoring of certain organs when external con- 
water, or sugar are not allowed to accumulate and __ ditions take an unfavorable turn. The brain and t! 
alter the relative constancy of the internal environ- _ heart are the two most privileged, receiving oxyg 
ment, for the kidneys permit the surplus to flow or food at the expense of other parts. Mention « 
out of the body. the favored treatment of the brain makes pertinent 

Three points in maintenance of homeostasis may an interpretation of the signficance of the physio- 
be emphasized: first, the variable processes and re- logical homeostasis. This is a condition that has on 
serves of material are coordinated by a special por- slowly been acquired in the course of organic evo- 
tion of the nervous system; second, this is used lution. Among lower vertebrates, most amphibians 
mainly in emergency, for the local parts, such as are bound to a nearby water source, lest they des- 
liver, pancreas, and heart, have considerable auton- iccate, and during the long winter they must |i 
omy in preserving their own balance; third, when © sluggishly at the bottom of an icy pool. Reptiles 
stability is threatened, extremely sensitive indicators having developed a dry skin, may move freely ov: 
give the alarm and homeostasis is restored. The re- the land but are rendered inert for months by sea 
sponsive organs act as if they were directed to pre- sonal cold. Since higher vertebrates, during stupen- 
serve a steady state in the internal environment. dous ages of evolution, acquired a constant temper- 

Another significant fact making for body stability ature, their bodily functions were more and mo! 
is that there is a large margin of safety; we are not liberated from disturbing and limiting conditions 
built on a skimpy plan, except in parts of the brain. As a result, higher functions of the brain were mac 
We have two kidneys when one would be enough. _ possible. If we had to attend momentarily to pre: 
We have much longer intestines than necessary. serving alkalinity or temperature balance in 0u 
Half of the lung area, half of the thyroid gland, internal environment we should have time for lit! 
more than half of the pancreas can be removed — else. During the myriads of millenia, these fune- 
without markedly altering the uniform state of the tions developed and became automatically con- 
fluid matrix. This is important for preserving the — trolled, and to the degree that this control was pe! 
organism in spite of accident and disease. fected, man has attained freedom of action in his 

The body allows for temporary change in the external environment. Thus, our bodies disclo 
fluid matrix when bodily welfare is imperiled by type of organization in which both  stabilit 
enemies. In a bacterial attack, protective corpuscles liberty have been achieved. 
of the blood are increased, an antitoxin is devel- Like the body, other organizations—doni 
oped, and the body temperature rises in defense. If industrial, governmenta!—face problems of int 
larger foes appear, requiring flight or combat, fear and external adjustments. We have seen tha 
or rage is aroused and there is the greatest possible bodies by the evolution of a self-regulated int 
mobilization of bodily forces. Although fierce mus- economy have become, to a large degree, liber 
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nging external influences. Can this sort of 
achieved in human society? History shows 
in society has been evolving but still is in 
‘tage, even in civilized nations. May there 
eneral principles of organization where 
ted functions are performed? It may be 
bodies, which are the culmination of ages 
ience, have learned secrets of management 
worthy of our study. We must admit that 
is have long shown abilities beyond the 
reach of human ingenuity: for example, 


mpounding of elaborate chemicals (proteins, 
fats, carbohydrates), the contrivance of self-repro- 
luction, the nice control of a gradual increase in 


size of a manifold structure. Only within our mem- 
ory has man learned to fly as birds have flown for 
millions of years. 

Philosophers, biologists, and historians have long 
been interested in the resemblance between the body 
physiologic and the body politic, but sociologists and 
men of affairs have discredited these analogies be- 
cause, it is said, comparisons have not contributed 
to the understanding of social structure. This is due 
to comparing minutiae of structure. We are not 
illuminated by a likening of manual laborers to 
muscle cells, manufacturers to gland cells, bankers 
to fat cells, and policemen to white corpuscles. On 
the other hand, analogies may be instructive if func- 
tional accomplishments in physiological and social 
realms are compared. Students of society may not 
find new ideas in such a comparison, but study of 
success of the physiological organism may empha- 
size some ideas already well organized. 

What corresponds in a nation to the internal en- 
vironment of the body? The closest analogue ap- 
pears to be the whole intricate system of production 
and distribution of merchandise, all the factors, 
human and mechanical, that produce and distrib- 
ute goods in the vast circulatory system of exchange. 
Into this moving stream, products of farms and fac- 
tories, of mines and forests, are placed for carriage 
to other localities, and out of this stream one may 
take goods only if one puts back goods of equiva- 
lent worth. As there often must be delay in this 

‘placement. money and credit become a part of 
nternal environment of society. 

lhe essential condition in a social organization 

1 fixity of units but continuity of service. Men 
he ultimate units are needed, of course; but, 
ng as farms, factories, and railroads are oper- 

men may move freely from one position to 
her. Society lives on precisely because human 

are replaceable. In social organizations the 
st analogue to the parts of the body are not 
in beings but functional groups—the special 
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trades, professions, and various labor types. They 
correspond to the bodily organs. ‘The commercial 
stream should deliver continuously the necessities 
of existence—food, shelter, protection, and assist- 
ance in injury or disease—and enable every man 
by uninterrupted work and a proper wage to obtain 
from the stream what he and his dependents re- 
quire. Only in recent years have some of these prac- 
tices begun to be respected, while others are only 
discussed. ‘The body biologic has become more effec- 
tive than the body politic in internal homeostasis. 

Physiological organization suggests that trends 
toward dangerous shifts of stability should be con- 
trolled at once. We have seen that delicate indica- 
tors in the body quickly evoke corrective processes, 
but in society these regulatory devices are little 
known or are lacking altogether. A crude sort of 
oscillation does occur: loose government is followed 
by reform and that in turn by loose government 
again; a boom ends in a depression and after re- 
covery there is another boom. Deeper insight into 
these swings of social mood is highly desirable. 

Furthermore, in the body politic a disturbance 
often starts a harmful, rather than a corrective, 
process, which spreads through a community with 
accelerating speed. Thus, when a run on a bank 
forces a closure, it often spreads to other banks un- 
til a national moratorium may be required. Or 
when stock prices decline, calling in of margins pro- 
vokes further decline and an unchecked circuit may 
end in panic. Just as the body has demonstrated 
that there are ways of maintaining steadiness in an 
extremely unstable structure, so research on eco- 
nomic fluctuations may discover sensitive signals of 
economic peril, such as the index of velocity of de- 
posits, which may prevent it. 

A further hint offered by bodily homeostasis is 
that 
smoothly, not only in routine, but also in emergency 


industries and commerce might operate 
conditions. The organism stores excess material 
when it is plentiful and releases it as want arises 
without altering the uniformity of its internal en- 
vironment. Recently, the establishment of agricul- 
tural and commodity credit policies, withholding 
surpluses in fat periods for sale in lean ones, illus- 
trates governmental recognition of the importance 
of uniform distribution for both producers and con- 
sumers. Also new ways of preserving food are pre- 
venting seasonal glut or dearth. 

The organism under variable demands slows 
down or speeds up the rate of continuous processes, 
but in the body politic industry and commerce are 
not yet adjusted to inconstant demands. Instead of 
a change of rate, a frequent alternative is a total 


stoppage of the process, and men drift in idleness. 





Various schemes for coordinating production, con- 
sumption, and employment show that thoughtful 
men are deeply concerned with the hardships re- 
sulting from uncertain economic existence. 

Control may lead to more liberty of action such 
as control of traffic by stop-and-go signals, or con- 
trol of infections by safe food and drink and the 
isolating of disease carriers. Control is tolerable if 
it results in greater human freedom. 

We have noted how almost every part of the 
body, when faced with the necessity for physical 
combat, is aroused to defensive action to the utmost 
limit. Again observe that security is a primary ob- 
jective. In a world where predatory nations are 
ready to attack, the ideal of security often is not 
adequately respected, and protective instruments 
of warfare are lacking. Industry waits until a crisis 
to construct the buildings and tools needed. Com- 
pare this unpreparedness with the preparedness of 
our bodies which through generations of little use 
still retain the elaborate reactions of defense. 

Physiological homeostasis suggests, further, that 
stability is more important than economy. As pre- 
viously noted, an excess of water, salt, or sugar is 
thrown away when derangement of a steady state 
is approached. Shivering wastes energy but pro- 
duces heat which keeps uniform the temperature 
of the fluid matrix. There are wide margins of safety 
found throughout the organism, and valuable parts, 
such as reproductive organs, are given liberal treat- 
ment even when not used. In personal and govern- 
mental practice, this principle of preferring security 
to economy has been to some degree recognized, 
such as by life and accident insurance and the keep- 
ing of fire departments, as well as armies and navies, 
in fighting trim at great expense. 

When life is in peril, we have seen that specific 
organs have discriminative treatment. The brain 
on which the organism depends for proper conduct 
of its external affairs, and the heart responsible for 
the internal distribution of supplies, receive special 
care. Likewise in the body politic administrative 
and distributive agents receive exceptional consid- 
eration in times of crisis. In warfare, for example, 
the general staff of service and supply are protected 
from the perils of the fighting line, and members of 
essential functional groups are retained at their 
usual work instead of being drafted for military 
duty. 

From this evidence, we see that the analogies be- 
tween the body physiologic and the body politic 
are so close and numerous as to suggest that there 
are, indeed, general principles of organization 
widely applicable to complex aggregations of col- 
laborating parts. Without social homeostasis, pre- 


served by an equable flow of life necessities 
vision for variable demands of labor. 
signals of economic danger, booms alter 
depressions, hunger with abundance, overt 
with forced idleness. Also adequate defens: 
disease and foes is neglected, and tight 
with maximal efficiency is demanded, \ 
regard for the units of the functioning o 
which the very existence of society rests. 
respects, the body physiologic has evolv 
efficient methods of operation than the bod 

A proper question is whether organized contr 
of society’s internal environment is consistent wit 
human freedom. That control would involve assign. 
ment of power to store goods in times of plenty and 
to release them in times of need, to lay aside way 
and job reserves for temporary unemployment, 
adjust supply of goods to needs, to check shifts o{ 
price levels, and to assure to all citizens the prope: 
attention in illness. Our bodies do all this, and by 
cause the coordinating system is automatic we 
free for all manner of social interests. 

We should recognize, however, that the functior 
of the human brain has made social homeostasis 
differ markedly from physiological homeostasis 
Our brains aid us in discovering new devices { 
improving the internal environment of social organ- 
izations but this upsets its constancy. Railways 1 
place canals, automobiles crowd out the horse an 
buggy, and now airplanes compete with previous 
means of travel. During a period of transition, th 
sands may be thrown out of work, and social ho- 
meostasis for many will be lacking. The brain, how- 
ever, is an organ not only for discovery and 
invention but also for adaptation and adjustment 
so it should aid us to find ways to care for our fel- 
lowmen who will suffer from inventions having 
general social value. By planning the extension 0! 
employment in nontechnical directions, and by ex- 
tending new skills and fresh enterprise, this distres 
may be lessened. Already the humanity of such con- 
duct is being recognized by state and industry, and 
an important step will be taken when such measures 
are regarded as necessary to prevent the needles 
pain of insecurity. 

Since the brain has the peculiar service of adapt: 
ing the organism to its external environment, is 1 
then the dictator of the body physiologic? Can 1 
exert unchecked dominance? It can, indeed, as in 


suicide, but when functioning properly it is acutel) 
dependent on other organs. A momentary inade- 
quacy of oxygen supply from lungs and heart abol- 
ishes the cerebral processes basic for consciousness 
A few minutes of that condition may produce idi- 
ocy. Idiocy may result also if a minute amount 0! 
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cretion is not routinely supplied in child- 
short, the body physiologic is a collection 


thyrol 


noo. 


of org and each needs the other for perfect func- 
tioning However, we cannot at will increase sugar 
‘n the blood, accelerate the heart, or stop the secre- 
on of digestive glands, but if the brain directs out- 
ward behavior so that the organism is endangered 
these self-regulating devices will be supremely stim- 
ated. Fever, inflammation, antitoxins, defender 
corpuscles, arise to check infection, and emotional 


reactions summon the forces of the entire body for 
defense against attack by beast or man. In these 
crises When the internal economy is put on a sur- 
vival basis, the brain is no longer free for creative 
activities in art or science but is confined to solving 
problems of survival. Likewise when governmental 
leaders bring on war. Then the body politic is uni- 
fied for one purpose—self-preservation. Men are 
mobilized for military service and women take their 
places in industry, work hours are lengthened, the 
arts ol peace are neglected, scientists leave their 
untrammeled labors to concentrate on problems of 
army and navy, immense resources that might have 
been used for human comfort and education are 
spent in reckless destruction of property and lives, 
and misery becomes universal. In avoidance of such 
disruption of social stability, the problem is to find 
ways for the responsible group to direct external 
affairs with the least destruction. 

Before touching on this problem, we must con- 
sider an inevitable difference between the body 
physiologic and the body politic. The former must 
die, while the latter can live indefinitely. The body 
physiologic dies because of impaired activity or 
ended service in kidneys, lungs, or heart. Death is 
due, therefore, to dependence on_ irreplaceable 
parts. But a machine, by substituting new parts, 
may operate indefinitely. Likewise social organiza- 
lions continue in efficient existence so long as func- 
tional groups are renewed. The body politic runs 
the risk of extinction, however, if any one of its 
essential groups lacks provision for strong replace- 
ment. The possibility of this failure in the body 
politic is analogous te the failure of the brain in its 
highest functions. The human cerebral cortex is the 
climax of biological evolution. Its triumphs in solv- 
ing the mysteries of natural phenomena, transform- 
ing knowledge into power, designing mechanisms, 
symbols for things, perpetuating the past, and 
guiding behavior in the world it creates make the 


col'ex supreme among the body’s functional groups. 
Bul it happens that units of the nervous system are 
leas! replaceable, either immediately or by substi- 
tution. We have only a thin sheet of cortical tissue 


the brain surface and it is so indispensable that 
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if portions are damaged we may be paralyzed, ren- 
dered blind or deaf or utterly deranged. 
From this point the article is verbatim.) 

In the social body, also, the functional group 
which corresponds to the organ of intelligence—the 
revealers, the creators, the directors of affairs—are 
least easily replaced. It is of the utmost importance, 
therefore, that whenever unusual ability of social 










value is disclosed, no matter what its source, it 
should be allowed every chance to rise to its highest 
level of accomplishment. Thus the vigorous per- 
sistence of the social organism is best assured. Obvi- 
ously the casting forth of highly gifted, irreplace- 
able units, its discoverers and interpreters, from a 
society is an act partaking of social suicide. And 









obstacles placed in the ways of advancement to 
posts of managerial responsibility and direction, so 
that the members of the administrative group are 
not supplanted by able successors, may lead to dis- 
aster. In that direction revolutions lie, and the fall 









of dynasties and the disintegration of empires. 

The success of the body physiologic would seem 
to intimate that in the body politic there should be 
a thorough cooperation of functional groups, with 
the administrative groups dependent, like the 
others, on a common welfare. And the failure of the 







body physiologic to survive would seem to empha- 
size the importance of adequate replacement of 






functional groups as an elemental necessity for the 
social body’s persistence. Its firmest basis for lon- 






gevity and stability would appear to be a generally 
accepted mode of replacement socially sponsored 
as being orderly and just. When a leader is thus 
chosen for responsibility he becomes a temporary 
advocate for public opinion. And when he is no 








longer representative he in turn can be replaced. 






Thus, in a democratic society, the diffused func- 






tioning groups have possibilities of continuing the 





life of the social organization and of controlling 
dic- 






their own circumstances. When an arbitrary 





tator seizes power these possibilities vanish. The 






circumstances are now dominated by the personal 





pride or ambition or whim of a single man. Experi- 
ence has shown that the social body, like the human 
body, is integrated by martial emotions and by prep- 
aration for conflict. A dictator, therefore, praises 


military powers and rouses martial emotions by 







pointing to national insecurity or national destiny, 






and finally drives on to open aggression. Thus he 
obtains the support of a unified people. But despotic 
domination lacks precisely what is required for con- 







provision for replace- 





tinuance of despotic rule 





ment by an equally despotic ruler. 
The use of insecurity by dictators as a basis for 
rousing hopes and fears and hatreds well illustrates 














25 








the plasticity of people when they are uneasy and 
anxious. When they are in dire want, or are uncer- 
tain of support, or are fearful of their future, they 
are easily persuaded by any one who firmly prom- 
ises them relief. And if their distress is definitely 
attributed to a certain class or another nation, they 
are easily persuaded to hate and to call for ven- 
geance. The unscrupulous demagogue grasps for 
power and becomes a menace because he knows 
that the needy are not free; he knows that they are 
sure to follow a course in which they are offered 
abundance. For any democratic society, this situa- 


tion is not without peril. Social homeostasis be- 
comes, therefore, a consideration of prime signifi- 


cance. It is foolhardy to be smug and self-satisfied 
and disdainful of efforts to establish a more perfect 
social justice. As remarked before, human society 
is in the process of evolution, and probably is in a 
state that will be regarded as an early stage of that 
process. Stability of the internal environment of 
social organization has not been attained. So long 
as men have not the right to work and earn their 
bread, so long as they are left ignorant of vital in- 


formation, so long as they are ill and not at 
so long as they are in misery and wretchedn« 
out care, further evolution of society sho 
only be expected but sought, not only advai 
trial and error but promoted by applied intel! 
We have seen that conditions in the nat 
industries, and in homes are intimately 
Harmful consequences of unsteadiness in the 
finally bring misery to the ultimate social unit 
selves, and our families. But steadiness in so 
a whole and steadiness in its members are a 
timately related. Just insofar as social stabilit 
ters security, both physical and mental, of the 
bers of the social organization, so also it fosters 
their higher freedom, assuring them opportunit 
for self-support, replacing fear by confidence and 
providing for health and responsible leisure. ‘hes 
are the prime conditions for wholesome living, fo: 
the enjoyment of natural and created valu 
the discipline and exercise of individual aptitudes 
and for the pursuit and acquisition of new know’. 
edge. They are prime conditions necessary for safet, 
of the body politic. 


SPW 


As a devoted champion of freedom, he 


W. B. Cannon) took time from his studies 


to work hard and long for various causes that moved him to make the sacrifice. But, 


in spite of these digressions, his zeal and intellect combined to render his contribution 
| 


to physiology the greatest, in my opinion, that has been achieved by any one man in 


America. 


Alexander Forbes, Year Book of the American Philosophical Society 
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On Coriolis Force and Bird 


Javigation 


WILLIAM J. BEECHER 


The author, who has been associated with the Chicago Natural History Museum 
since 1936, will receive his Ph.D. in zoology at the University of Chicago this 
year. For the past 8 years he has been engaged in a study of the phylogenetic 
relationships of the families of birds, with particular emphasis on the anatomy 
of the head region. He has dissected and compared almost 1000 species repre- 


senting the birds of the world. His interest in the inner ear 1s a by-product oj 


HE day is past in science when a man could 
encompass many fields of knowledge. One 
who studies birds now seldom claims an 
expert’s. knowledge of mammals, much less of 
physics. The fertile field for new ideas today lies 
in the resynthesis of areas of specialization that 
have grown apart—but one does not do this alone. 
When Ising (J) advanced the theory that birds 
navigate by detecting Coriolis force due to the 
earth’s rotation in the semicircular canals of the 
inner ear, he was trying to show the application 
of a physical principle in the field of biology. In 
thus “stepping across the line,’ he made an ex- 
cellent contribution, but he was justifiably un- 
aware of physiological work on the semicircular 
canals by Lowenstein and Sand (2) bearing on 
his problem. I attempted (3, 4) to further his 
argument with this work in mind, feeling in my 
1, quite insecure in the field of Coriolis theory. 
The Scientific Monthly seemed the ideal medium 
tor advancing my speculations before the atten- 
tion of biologists because of the added advantage 
that physicists might comment. 
In this, I was more than fortunate. Professor 
David L. Webster, of the department of physics 
Stanford University, in the most generous and 
cooperative spirit, attempted to clarify my con- 
ception of Coriolis forces as they apply to this 
problem. Since he had no intention of publishing 
a critique, I have asked his permission to pass on 
simplified exposition here by quoting from his 
‘rs (3). This is necessary as background be- 
e my discussion of the action of Coriolis force 
he semicircular canals of birds and other ver- 
ites in the aforementioned papers requires 
ection in terms of his remarks. However, my 
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this study. 


original thesis—that the resolution of Coriolis 
streaming among the four vertical canals for a 
civen latitude will give a different “‘signal’’ for 
each compass direction—still stands, with the qual- 
ification that directions 180° opposite also differ, 
contrary to my original view. 

A major source of confusion in attempts at 
popular discussion arises from the fact that Cor- 
iolis force has two components, horizontal and 
vertical. The horizontal component is the one re- 
sponsible for the clockwise and counterclockwise 
direction of the whirlpool north and south of the 
equator when undisturbed water drains out of a 
circular wash basin, and for the deviation of trade 
winds, ocean currents, and projectiles. This de- 
viation is always to the right, regardless of whether 
the projectile is aimed north, east, south, or west. 
It is easy to see why right-hand deviation occurs 
when a projectile is aimed toward the North Pole 
from the equator (Fig. | Any object on the 
equator has a velocity of about 1000 mi/hr (the 
earth’s approximate velocity at the 
whereas objects at the North Pole have a velocity 
of zero. An object projected through the air from 


equator 


the equator to the pole will curve to the right or 
east, because it is progressively moving through 
latitudes of decreasing momentum. To understand 
why objects projected with the same speed east or 
west also deviate right the same amount, we shall 
have to fall back on Webster’s explanation. 


. .. One way to look at east or west motion for this 
purpose is in terms of centrifugal forces. The earth 
is flattened slightly at the poles, so that the surface 
is practically an oblate spheroid. If it had this 
shape but were not rotating, the oceans would tend 
to flow toward the poles, because such motion 











Fig. 1. (Left) Diagram showing the tendency of an ob- 
ject projected at the North Pole to curve right because of 
the horizontal component of Coriolis force. (Right) Re- 
construction of Ising’s ring for measuring vertical Coriolis 
force. 


would get the water nearer the center of the earth 
and would, therefore, be forced by gravity. Centrif- 
ugal force, with the rotation as it is, is just strong 
enough to overcome this tendency and to keep the 
oceans where they are. Likewise, therefore, centrif- 
ugal force will balance any tendency that a floating 
body might have to go toward the poles under the 
influence of gravity, provided that the floating body 
keeps its position relative to the bottom of the 
ocean. If, on the other hand, the floating body 
moves eastward, its centrifugal force is increased 
so that it tends to deviate to the south (in the 
Northern Hemisphere). Likewise, if it goes west, 
its centrifugal force is decreased and it tends to 
deviate northward. 

To prove that these tendencies are just equal 
to the right-hand deviation tendencies for bodies 
moving north or south at the same speeds relative 
to the ground is quite a trick, unless you _pre- 
suppose a considerable group of theorems already 


proved about angular velocities, and so forth, but 
the proof can be found in a good many books. One 
of the best that I happen to have at hand is 
Herbert Goldstein’s Classical Mechanics, (Addison- 
Wesley, Cambridge)... . 


But this horizontal component of Coriolis force 
that causes right-hand deviation for an object 
moving across the earth as a function of its speed, 
regardless of direction, could not be used as a 
compass. It has no bearing on the present discus- 
sion except as background. It is not what Ising 
had in mind. 

Ising postulated that the vertical component of 
Coriolis force is detected as a streaming in the 
semicircular canals when the head of the bird is 
rotated from side to side horizontally through a 
narrow arc. With a fluid-filled glass tube bent 
into a loop (Fig. 1), he was able to measure this 
force as a streaming of the fluid when the loop 
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was rotated through an angle of 5.7° on 


Own 


axis. He claimed that a hydromotor force ‘ener. 


ated in the loop obeys the same law as 
duced emf in a closed conductor and su 
that the direction sense of birds may be b 
the motion, relative to the rest of the bird’ 
of the fluid in the semicircular canals. \ 
comments are helpful in explaining this 
Coriolis effect as it relates to an experim 
which Ising flows liquid through a loop at 
stant rate and measures the torque on the | 
its tendency to turn on its axis. 

... I think the best way to look at this is first 


take the apparatus (Ising’s, Fig. 1) to the equator 
and look for the forces due to flow of liquid ar 
the loop. In the side of the loop where the fi 
upward, the liquid is going away from the earth's 
axis. So this liquid is increasing the radius on which 


it must make one revolution per day and, therefore, 


und 


WodIS 


is increasing the horizontal eastward component of 
its velocity, relative to axes fixed to the stars. So it 
is requiring the tube to exert an eastward force on 
it, and by Newton’s third law it is exerting a west- 
ward force on the tube. Likewise, the downgoing 
liquid on the other side of the loop is exerting an 
eastward force on the tube. These rules hold, re- 
gardless of the azimuth of the vertical plane of th: 
loop. So these east and west forces tend to turn th 
loop most strongly if it is in a north-south plane; 
but not at all if its plane is east-west, even though 
the forces themselves are just as strong. 


This part of Ising’s work also may have 


N 


Fig. 2. Theoretical resolution of Coriolis force (vert 
in vertical semicircular canals for a bird flying 1 


(N) and south (S). 
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lop induced by rotating it through 5.7° of arc on 
Its ow 
head | 


on Webster’s comments about this experiment that 


| hase 





m our problem, because it is not evident 
ue on a semicircular canal due to flow 
ould be reported to the brain. But Ising’s 
‘riment in which he measures flow in the 


axis in imitation of a bird swinging its 
| from side to side is directly applicable. It is 
ihe correction of my earlier views. 
ain at the equator, suppose the plane (of the 
duid-filled loop) is momentarily north-south and it 
s rotating about a vertical axis. From the view- 
point of a stationary observer (with axes fixed to 
che stars), the whole loop is going east but one side 
is going faster than the other. So the faster side has 
a stronger centrifugal force than the slower side; 
and this difference makes the liquid in the faster 
side flow upward, and makes that in the slower 
side flow downward. When the loop is momentarily 
in an east-west plane, there is no such difference. 
lo check this from the viewpoint of an observer 
standing on the ground and rotating with the 
earth: in his view of things there must be two 
sorts of apparent forces. One is centrifugal force, 
reckoned on the basis of the angular velocity of 
the earth, regardless of any motion relative to the 
earth. The other is the Coriolis force, depending 
entirely on motion relative to the earth. So he has 
balanced centrifugal forces on the two sides of the 
loop, whatever it does; and if one side goes east 
and the other side west, relative to him, he savs 
there is an upward Coriolis force in the eastgoing 
side and downward in the westgoing side. Both, of 
course, drive the liquid the same way around the 
loop. And this drive equals the drive seen by the 
other man as a difference in centrifugal forces. .. . 
So much for the equator. On the pole: all these 
effects disappear. At Ising’s latitude 60°, they are 
only half as strong as on the equator. Just half: 
cosine of 60°. So, if a bird gets a sense of direction 
from either of these effects (torque on the loop, due 
to circulation, or torque to circulate the liquid due 
to rotation of the loop), it gets it best at the equa- 
tor and would lose it entirely at the pole. This 
change with latitude is just opposite to the change 


in the horizontal Coriolis components that come 
into meteorology. They go dead at the equator, 
even though their best-known manifestation is the 
le winds. The only reason these are best known 
that you have to get down to their latitudes to 
weaken these Coriolis forces enough to let anything 
smoothly. 
(his relation of the vertical Coriolis components 
atitude seems to me likely to be significant in 
theory of any sense of direction based on them, 
use birds do migrate to low latitudes (some all 
way across the equator) and none of them go 
the way to either pole. At latitude 70°, this 
t is about a third as strong as at the equator; 
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Fig. 3. Theoretical resolution of Coriolis force (vertical) 
in vertical semicircular canals for a bird flying east (E) 
and west (W 


at 79°, about a quarter. So there is nothing like a 
complete loss of these effects at any latitude a 


sane bird would care to reach. 


With this much background on the behavior of 
liquid in a glass loop, let us apply the same rea- 
soning to the semicircular canals of homing or 
migrating birds. Figure 2 shows, greatly enlarged, 
the three canals on each side of the head, occupy- 
ing the three dimensions oi space, the anterior, 
posterior, and external canals. The latter, being 
horizontal, records the amplitude and velocity of 
the head-turning in the horizontal plane by means 
of the enlarged sensory ampulla at its anterior end, 
so that only the four vertical canals with their 
ampullae are theoretically available for measuring 
vertical Coriolis forces. These relationships are dia- 
gramed in the thumbnail sketch of a three-plane 
rotating system on the extreme right of Figure 2. 

Before studying the dynamics of flow in these 
canals on different compass courses that might be 
taken by birds, it is necessary to refer briefly to 
the important work of Lowenstein and Sand (2) 
on the living ampullae of semicircular canals in 
response to rotation. They found that the ampulla 
discharges constantly and that when head rotation 
is such that the flow of the endolymph is toward 
the ampulla, the discharge is enhanced with a 


29 






weak vesponse 


weak response 
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Fig. 4. Theoretical weak response of semicircular canals 
viewed from above) when they lie momentarily east- 
west in plane on a northwest course. 


burst of sound. Flow away from the ampulla, on 
the other hand, inhibits discharge. Therefore, we 
may adopt the convention of applying a plus (+) 
to an ampulla that has its discharge enhanced, a 
minus sign (—) to one having it inhibited. All this 
is important because it disproves my theory (3, 4) 
the 


re) 


that the sensations due to Coriolis force in 
inner ear would be the same for directions 180 
different from each other. The following should 
show clearly that the sensations in such cases would 
be exactly opposite. 

In the case of a bird flying north (Fig. 2) and 
turning its head clockwise through a narrow, hori- 
zontal arc, the flow will be away from the ampullae 
of the left and right anterior canals (—) and toward 
the ampullae of the left and right posterior canals 

-). This is because, as Webster points out, flow is 
upward in the segment of the canal moving east 
and downward in the part moving west. Taking 
each canal individually, the flow for northward 
flight will be as indicated by the arrows and the 
corresponding signs on the ampullae are indicated 
in the figure. For counterclockwise head turning 
in the return swing, flow direction and signs are 
reversed. 

For a bird flying south with clockwise head- 
turning (Fig. 2), the flow will be toward the am- 
pullae of the left and right anterior canals (+) and 
away from the ampullae of the left and right pos- 
terior canals (—). For counterclockwise head-turn- 
ing, flow and signs are reversed. In terms of Lowen- 
stein and Sand’s findings, we might say that a bird 
knows it is flying north when a clockwise swinging 
of the head produces a burst of discharge in the 
ampullae of the two posterior canals. It knows it is 
flying south when a clockwise swinging of the head 
produces a burst of discharge from the ampullae of 
the two anterior canals. 


In the case of a bird flying east with « 
head-turning (Fig. 3), the induced flow 
from the ampullae of the left anterior a 
terior canals (—) and toward the ampulla 
right anterior and posterior canals (+). | 
of Lowenstein and Sand, a bird would kn 
it is flying east when a clockwise swing of 1 
produced a burst of discharge in both ai 
the right Counterc!] 
swinging would reverse this. 


(vertical) of side. 

For westward flight, to complete the 
(Fig. 3), clockwise head-swinging will inc 
flow in the canals that is toward the ampullae 
the left anterior and posterior canals and 
away from the ampullae in the right anterior and 
posterior canals (—), just the opposite of that for 
eastward flight. The bird knows that it is flvine 
west when clockwise swinging of the head _pro- 
duces a burst of discharge from both anterior and 
posterior ampullae on the left side. Counterclock- 
wise swinging would reverse this. 

The foregoing discussion merely takes account 
of the plus and minus effects in the various am- 
pullae, but it is plain that these effects will diff 
in degree for different compass directions. This 
may be made clear if we now consider a bird {\\- 
ing northwest. For greater clarity, we shall repre- 
(Fig. 4) 


vertical 


as viewed from above, s 
are 


sent this bird 
that the 
for it is important to see the direction of thei 
planes. In the aforementioned case of the loo; 
rotated on its vertical axis, Webster points out 
that, when the loop is momentarily in the north- 
south plane, the whole loop is going east (to 


four canals seen edeewis 


stationary observer), but one side is going fast 
than the other, thus producing the upward flow 
in that side. When the loop is momentarily east- 
west both sides are going equally fast and no flow 
occurs. Now, in a bird flying northwest, the leit 
anterior and right posterior canals will be mo- 
mentarily oriented in the east-west plane (Fig. + 
and will give a weakened response. The minus o! 
the former will produce a lessened inhibition (— ) . 
the plus of the latter will produce a lessened burst 
of discharge (+0). At the same time, the plus and 
minus effects in the remaining two canals, mo- 


mentarily oriented in the north-south plane, should 
be maximal. So there is the theoretical possibility 
that a bird. may be able to fly any given compass 
course and to note deviation from that course b\ 
change in the discharge bursts of the four vertical 
ampullae with head-turning through a_ known 
angle of arc. This angle would be measured ac- 
curately by the horizontal canal, functioning to 
record the velocity and amplitude of head-turning 
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its ie, as this canal was primarily designed 


to do. 

So mich for the compass. Theoretically, the 
ar canals could also be a latitude sense, 
vertical component of Coriolis force in- 
s we pass from the poles toward the 
Hence, a bird carried to an unknown lat- 
| longitude from its home should be able 

if it wants to. | have made this point 
before, and recently Gustav Kramer in some un- 
published studies with homing pigeons at Duke 
University has gotten extremely high success. Fail- 
ve to get good returns is attributed by him to the 
fact that the birds are often held virtual prisoners 
and have no desire to return. 

| have described (3) the cavernous tissue for 
losing the external-ear opening in those birds 
particularly that migrate at night, thus isolating 
the semicircular canals from changes in external 
pressure at will, supposedly. I do not picture mi- 
rating birds as rotating the head from side to side 


semicil 


continuously but only occasionally, through a very 
narrow arc, as Ising proposed. The change in sign 
of the stimulation in the ampullae thus resulting 
is necessary, for sensory organs are so constituted 


that critical discrimination of levels of stimulation 
annot be made over a protracted period. If we 
fail to get a critical focus through a binocular on 
an object so small as to be near its limits of re- 
solving power, the eye will accommodate. Critical 
focusing must be done quickly if a correct reading 
on a diopter scale is required and checked a num- 
ber of times, resting the eyes in between. The re- 
versal in sign on the ampullae with reversed head- 
swinging would be the most satisfactory way to get 
a correct evaluation of direction through the de- 
tection of vertical Coriolis force at a given latitude. 
Although Kramer (6, 7) and Matthews (8, 9 
have presented evidence that pigeons and starlings 
practice a form of sun navigation in daylight, no 
daytime navigation system is adequate to explain 
the majority of migration which takes place on 
dark nights, especially since birds have poor night 
vision. That daytime migrants use the sun and 


landmarks is entirely expected. In nature, things 
are always done the simplest way. But the great 
majority of migrants, moving at night so that they 
may feed by day (absolutely necessary because of 
must have other 


their very high metabolism), 


means of navigation—and the repeated return to 
the same nesting area indicates that it is accurate. 

The critics of the Coriolis theory of Ising have 
often been confused about his meaning. Odum 
(/0) is obviously talking about the horizontal com- 
ponent. His idea that accelerations on the bird 
due to atmospheric conditions could not be dis- 
tinguished from those due to Coriolis force seems 
to be invalid, because the bird could measure the 
Coriolis effect on the ground by means of head- 
turning. It is also notable that migrants move on 
tail winds in deep masses of air in which turbu- 
lences would be at a minimum (//). Considering 
that these night migrants have a cavernosa for 
closing the internal ear off from outside disturb- 
ance, and that all other vertebrates known to 
migrate either lack the outer ear or have provision 
for closing it, there is a good deal of circumstan- 
tial evidence pointing at the semicircular canals. 
The only valid question raised about Ising’s theory 
concerns the sensitivity of the sensory apparatus 
of the semicircular canals, whether it is capable 
of detecting the rather small currents of the swirl- 
ing fluid. This we cannot know, but the canals 
were designed to measure the flow and pressure of 


their contained endolymph. 
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Good writing, after all, is just clear thinking. Anyone who can think well enough 


to make advances in any learned field ought to be able to write about his work. I 


am, of course, aware that many research papers submitted to scientific journals are, 


from a literary standpoint, putrid; but usually such essays are scientifically not very 


Florence Moog, “Can 
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fragrant either. 
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cience and Common Sense 


P. W. BRIDGMAN 


Dr. Bridgman retired in June as professor of physics at Harvard | 
where he has been on the staff ever since his graduation from the x 


His principal scientific work has been in the field of high pressures, u 
tion on the side to thermodynamics and the philosophy of science. H: 


SHALL have to begin by recalling some mat- 
ters that have been said so many times that | 
can expect only to bore you, but this is a risk 
that I can see no way to avoid if I am to make 
my main point. You all know that, since the turn 
the century, in 
physics, culminating in the unlocking of nuclear 


of discoveries have been made 
energy in the atomic bomb, which have entirely 
revolutionized our outlook, not only our outlook 
with to the 
around us, but our philosophical ideas as well with 
regard to our relationship to the world. It is the 


latter to which I would like to direct your atten- 


regard the construction of world 


tion. 

The new discoveries that have forced the revolu- 
tion were in the realms of relativity and quantum 
phenomena. We shall see later that the quantum 
phenomena were more revolutionary in their im- 
plications than the relativity phenomena, but his- 
torically it is probable that the relativity phenom- 
ena played the more important role at first. The 
new relativity phenomena were highly paradoxical 
and included such effects as meter sticks whose 
length changed when they were set in motion, 
clocks that ran slow when moving, and weights 
that became heavier when moving. In fact, these 
effects were so paradoxical and contrary to com- 
mon sense that some physicists and most men in 
the street refused to accept them and even sought 
to throw them out of court by ridicule. 

Sut the facts refused to be thrown out of court. 
Einstein’s 
theory of restricted relativity. This theory em- 


and the paradoxes were resolved by 


braced, in the first place, the mathematical ma- 
chinery by which all the experimental facts were 
correlated into a single mathematical structure. 
Sut no less notable as an intellectual achievement 
and equally essential to the removal of paradox 
was Einstein’s handling of the physical concepts 
that entered the mathematical edifice. It is this 
latter that is our concern. 

* Based on a talk given during an evening lecture 
course at New York University. 
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the Nobel prize in physics in 1946. 


There are two aspects of Einstein’s hand 
the physical concepts. There is, in the first plac 


no of 


a realization that the paradoxes involved prima. 


rily questions of meaning and that the commo: 
sense meanings of such terms as leneth and ti) 


were not sharp enough to serve in the situations 


presented by the new facts. In the second plac 
there was the method by which the necessary j 


creased sharpness was imparted to the meanings 


This method was to specify the operations t! 
were involved in concrete instances in applvi 
the term whose meaning was in question. For | 
ample, what do we mean when we say that tw 
events are simultaneous? Einstein insisted that w 
do not know what we mean unless we can 


some concrete procedure by which we may ¢ 


termine whether or not any two specific event 
are simultaneous. Analysis of the concrete  pro- 


cedures that we might use brings out the fact, not 


noticed before, that what we do to determi: 


whether or 
pends to a certain extent on the events themsely 
and is different and more complicated if the tw 
events take place at different places than if tl 


not two events are simultaneous de- 


take place here. Furthermore, this analysis dis 


closed that what an observer does to determi! 


whether two distant events are simultaneous is dil- 


ferent from what another observer does who is i 
motion with respect to him. Simultaneity of tw 
distant events is, therefore, not an absolute pro| 
erty of the events, the same for all observers, | 
is relative to the observers. 


)- 


It is the same with length. What do we meat 


when we ask what the length of a moving object 


is? Applying the operational criterion of meaning 


the meaning is to be sought in what we do wher 


we measure the length of the moving object. Whe 


we analyze what we might do, we discover 
different 
equally acceptable to common sense. Thus, i! 


there are several possible procedure 
are asked to measure the length of a moving st! 
car, we might take an instantaneous photog: 


of it and measure the length of the photogr: 
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‘ht board the car, meter stick in hand, 
ed to measure it as we would any ordi- 
onary object. If we get the same answer by 
rocedures, we shall doubtless be satisfied 
that our catechizer was unnecessarily 
sisting that we tell exactly what we do to 
the length. 
ere is Where the new experimental facts 
that were not suspected before relativity 
theory. For it turns out that when we make our 
measurements with extreme precision, or when the 


streetcar is Moving with very great velocity, the 


come 


results of the two methods are not the same, so 
that the precise method must be specified if we 
want to talk exactly about the length of the moving 
car. In other words, it is ambiguous to talk about 
the “length” of a moving object until we have 
ecified exactly how the length is to be measured; 
plac and when we have specified the exact procedure, 
ae in- the results we get are generally different, depend- 
anings ng on what the exact procedure is. In particular, 
by one of the two procedures just indicated, the 
leneth of the moving car would be the same as 
when it is stationary; and, by the other, it would 
be less. We see at once that we cannot treat this 
situation by the methods of common sense and say 
that it is absurd that the length should change 
when the car moves, because it must change ac- 


yplyvin 


‘or ex 


cording to at least one of our possible definitions. 
Realization of this at once removes the atmosphere 
of paradox from the statement that the length 
changes when the object is set in motion. 
The precise way that we define length when the 
body moves is a matter of choice, and we will make 
our choice in the way most convenient for us in the 
light of all the experimental facts. It would take 
: is much too deeply into relativity theory to at- 
lagen tempt to see why the method that Einstein chose 
Ss dil- lor defining the length of a moving object is, all 
things considered, the most convenient for the 
physicist. Suffice it to say that the method chosen 
was not the method that leaves the length un- 
changed by the motion, although such a method 
is possible and, for certain restricted purposes, 
might be considered more convenient. 

bject Relativity theory has thus shown the importance 

ning recision of meanings. It has disclosed that some 

\ 


\ 


1 
nen 
! 

t) 


apparently simple terms of common sense 
- ictually complex when we attempt to apply 
in situations beyond the bounds of ordinary 
ience. In these new situations, we are forced 
tke a choice between procedures that are 
ilent in the ordinary range. The account we 
{ the new situation depends on the procedure 
ve choose—that is, on the meaning we give 
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our terms. In discovering that in fact we do need 
to make distinctions of which we have never 
thought and which to a naive first impression ap- 
pear a matter of indifference, we are discovering 
that in fact the world is not constructed according 
to the preconceptions of common sense. 

The sort of phenomena with which quantum 
theory is concerned teach the same lesson as rela- 
tivity theory, namely, that the world is not con- 
structed according to the principles of common 
sense. However, the way in which common sense 
fails is somewhat different in the case of quantum 
phenomena. The unfamiliar world of relativity 
theory was the world of high velocities; the new 
world of quantum theory is the world of the very 
small. 

Quantum theory began modestly enough with 
the discovery that some of the most familiar facts 
of daily life cannot be understood on the basis of 
the common-sense views of matter prevalent at the 
end of the last century. For example, it was im- 
possible to understand why we cannot see a kettle 
full of boiling water in the dark. Common sense, 
translated into mathematics, said that we 
should see it, but every burned child knows that we 


when 


cannot. The paradox has now been removed from 
this and other related effects, so that we now un- 
derstand, in a way that would have been incredible 
25 years ago, most of the phenomena displayed by 
ordinary matter. This understanding has been pro- 
vided by quantum theory. The theory is highly 
mathematical and it is well-nigh impossible to give 
an adequate outline of it in nontechnical language, 
but the one simple crude idea back of it all is that 
when we deal with very small things, such as atoms 
or electrons, the ordinary common-sense concep- 
tion of things is no longer valid. The renunciation 
demanded by 
that 
relativity theory. For now we get 


of common sense thus quantum 


theory is more drastic than demanded by 


ourselves into 
logical inconsistencies if we try to think of things 
in the microscopic domain in the same way that 
we think of the objects of ordinary experience. 
Suppose, for example, that I have a box with a 
partition in the middle and one electron on each 
side of the partition. I remove the partition for a 
moment, so that the electrons have an opportunity 
to exchange positions. I now find when I replace 
the partition that I again have one electron on 
each side of the partition. It now involves me in 
logical contradiction to ask whether the electron 
that is on the right side of the partition is the same 
electron that in the beginning was on the right side, 


or vice versa. Neither can I ask exactly how fast 


is the right-hand electron moving. Knowing that 





the electron is on the right of the partition makes 
it logically contradictory to know how fast it is 
moving. These are indeed revolutionary restric- 
tions. Not to be able to ask which electron is which 
means that the electron does not have identity, and 
not being able to ask how fast it is moving means 
that the common-sense categories of space and 
time do not completely apply to it. 

Consider another example. It is possible to make 
a so-called electron gun with which a stream of 
electrons may be fired at a target. If we start with 
a comparatively crude gun firing a coarse stream 
of electrons, we find that the stream of electrons 
behaves much like a stream of water from a hose, 
so that we cannot hit with it a single sharp point 
of the target, but there is more or less scattering. 
Now common sense might lead us to expect that 
our marksmanship would become better as we re- 
fined the apparatus by making it more and more 
delicate and capable of dealing with a finer and 
finer stream of electrons. Experiment shows, how- 
ever, that our common-sense expectations are en- 
tirely wrong, and that matters get worse instead of 
better as we refine the apparatus. In the end, when 
we have, at great pains, constructed a gun capable 
of firing single electrons, we find that we have al- 
most completely lost control of the situation. No 
two shots ever come alike despite the best we can 
do, and we might as well spin a roulette wheel to 
find what part of the target any electron will hit. 

The electron gun illustrates the general principle 
that, in the microscopic domain, events cannot be 
made to repeat. The situation thus disclosed is bad 
enough from the practical point of view, but I be- 
lieve that it is even more upsetting from the con- 
ceptual point of view. For the one intellectual 
lesson that science has perhaps most insistently 
underlined is that our mental machinery is capable 
of making mistakes and that we continually have 
to verify and check what we are doing. The funda- 
mental method of verification is repetition; the re- 
peatable experiment has come to occupy such a 
position that the very definition of truth is often 
framed in terms of verification by repetition. It 
looks as though it does not mean anything in the 
quantum domain to ask for the truth about any 
specific event, yet how can I get along without the 
concept of truth? You may try to extricate your- 
self from the dilemma by saying that, although J 
may not verify the occurrence of some event by 
repeating the experiment, I can verify it by getting 
confirmation from some other observer who has 
also witnessed it. But this, unfortunately, is not a 
way out, because here we encounter another of 
those baffling properties of the microscopic world, 
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namely, that an elementary event may by 
by only one observer. Confirmation by 
port thus becomes impossible. To many, 
seem that thereby science is made impos 
ence sometimes being defined in terms of 
However, if you are willing to grant that 
theory is part of science, you see that m: 
at least not quite as bad as this. What 
method by which eventually we get in 
order into this situation, I think you can 
the observer must play a quite different ro 
quantum domain than in the world of « 
life. 

All these considerations mean that the conyep. 
tional forms of thought are no longer applicabl 
the realm of the very small. I think you will agr 
that my foregoing statement is justified, 
that the 
quantum theory is more drastic than that dis. 
closed by relativity theory. For, when in relat 
theory we go to very high velocities, we 


name 


failure of common sense. disclosed 


encounter properties of matter that are  stran 


to common experience, whereas when we go 
enough in the direction of the very small, quan. 
tum theory says that our forms of thought fail, s 
that it is questionable whether we can_ proper 
think at all. One can imagine the consternatio: 
our old philosophical friend Immanuel Kant \ 
declared that space and time are necessary fon 
of thought. 

What is the answer to the dilemma with wh 
quantum theory confronts us, and where do t 
roots of the difficulty lie? Are we faced with 1 
necessity of devising new ways of thinking? It doe: 
seem to me that eventually we shall have to fu 
better ways of thinking, but I suspect that any im. 
proved method of thinking that we are capable | 
devising will eventually come up against essenti 
limitations of some sort that will prevent its w 
limited application. In the meantime, no agree: 
ment can be discerned at present among the ¢v- 
perts with regard to the details of any way 
which we might reform our thinking. As an 6 
ample, there is the irreconcilable schism betwee! 


the views of Einstein and Bohr on quantum phe- 


nomena. Whatever the eventual solution, I thin 
we can at least be sure that it will be outside t! 
realm of common sense. Furthermore, I believe t! 
experts would at present agree that whatever ne\ 


way we devise to think about the microscopic unl 


verse, the meaning of our new concepts will haw 
to be found back at the level of the large-scal 
events of daily life, because this is the scale ot 


which we live our lives, and it is we who are for 
mulating the new concepts. This recognition an¢ 
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entails, I believe, a consequence that is 
ionly appreciated, namely, that the seeds 
es ol the ineptness of our thinking in the 
ic range are already contained in ow 
resent thinking in the large-scale region and 
h ave been capable of discovery by suffi- 
ntly acute analysis of our ordinary common- 
sense thinking. 

d now like to direct your attention to some 
of our ordinary everyday thinking that are 
ilv overlooked but seem to be beginning to 
more attention and, I believe, may even- 
ally give us truer understanding of the nature of 

thinking process and its limitations. What | 

all now Say must be taken as strictly my own 

pinions. I have no professional philosophical com- 
petence to speak on these matters, and it is even 
probable that many of my fellow-physicists would 
not agree with me, if indeed they have any opinion 

n these matters at all. 

You have all doubtless had some acquaintance 
with cybernetics, a subject named and largely cre- 
ited by Professor Norbert Wiener at Massachu- 
setts Institute of Technology and you know how 
much attention this subject is attracting and how 
many people are working at it. Apart from any 
specific results that may come out of all this ac- 

ty, such for example as discovering how to make 
higger and better robots that will continually usurp 

ore and more of the functions of human intelli- 

nee, it seems to me that the mere fact that so 
many people are concerning themselves with this 
subject is going to have important repercussions. 
For when so many people try so hard to make a 
machine that functions like the human brain, the 
point of view will gradually spread that the human 
brain is itself a machine of sorts. It will also be 
recognized that this machine must have limitations 
inherent in its structure, and that the things which 
the machine can do, including in particular think- 
ing. is in consequence also subject to limitations. 
(hinking is done by the brain, and the presump- 
tion is that thought has characteristics imposed by 
the character of the brain. At any rate, we will 
come to see that we may not expect to understand 
the nature of thought at least until we understand 
the nature of the brain. If you ask why we should 
be concerned with the nature of thought, I would 
re} the realization that the nature of thought 
is something which cannot be merely taken for 
granted is a realization that seems to be gradually 
dawning on us as we ponder the significance of our 
laiures in the fields of relativity and quantum 


i will not, I think, ponder for long what 
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limitations are imposed on thought by the struc- 
ture of the brain until it will suddenly strike you 
that what is really happening here is that the brain 
is trying to understand itself. But is not this a brash 
thing for the brain to try to do, for how can the 
brain analyze its own action, when any conclusions 
at which it arrives are themselves activities of the 
very brain that was the original problem to under- 
stand? At the very best, the situation would seem 
to be somewhat strained and artificial, and you 
may perhaps anticipate that any conclusions at 
which we may arrive cannot have as simple and 
straightforward a significance as we had perhaps 
hoped. ‘This does indeed seem to be the case. What 
we are encountering here is a special case of a 
system trying to deal with itself. Such situations 
occur not infrequently, and it seems to be the 
general rule that such situations present special 
difficulties and infelicities. 

Many of the well-known paradoxes of logic arise 
when a system tries to deal with itself. A stock ex- 
ample is the ostensibly complete map of the city in 
which the map itself is located. If the map is com- 
plete, it must contain a map of itself; that is, the 
map must have a map of the map, and this in turn 
demands a map of the map of the map, and you 
are off on a chase that has no end. Within the last 
few vears, a theorem with regard to such a system 
has been proved, a theorem that has been hailed 
among logicians as a truly epoch-making discovery 
in logic. This theorem was enunciated by Gédel. 
now in the Institute for Advanced Study at Prince- 
ton. In very crude language, the theorem states 
that no logical system can ever prove that it itself 
is a perfect system in the sense that it may not con- 
tain concealed self-contradictions. This theorem, at 
one stroke, stultified the endeavors of some of the 
ablest mathematicians, just as earlier the discovery 
of new mathematical theorems had stultified the 
efforts of the circle-squarers and the angle-trisec- 
tors. Mathematicians had long been trying to prove 
by the principles of mathematics that mathematics 
contains no hidden inconsistencies, inconsistencies 
that some day might be discovered and bring down 
the whole imposing mathematical edifice in ruins. 
But Gédel’s theorem showed that this is an impos- 
sible sort of thing to prove. The conclusion is that, 
if one wants to prove that mathematics is free from 
concealed self-contradictions, one has to use prin- 
ciples outside mathematics to prove it. If one then 
wants to prove that the new principles are free 
from contradiction, one must use other principles 
beyond and over those in question. We here en- 
counter a regress that has no logical end and, hu- 
and the finite 


human weariness 


manly, ends in 








length of human life. This means that the human 
intelligence can never be sure of itself; it is not a 
tool capable of unlimited perfectibility, as is so 
often fondly imagined. All we can ever say is that, 
up to the present, we have found no inconsistencies 


where we have looked. 

There is one other recent development that tends 
to make us more self-conscious of our intellectual 
limitations. In Hanover, New Hampshire, Adelbert 
Ames, Jr., with a number of collaborators, espe- 
cially A. Hadley Cantril, of the department of psy- 
chology of Princeton University, has been studying 
in recent years how the perceptions of different 
people adapt themselves to situations that have 
been purposely devised to differ from the situations 
ordinarily encountered in daily life. For example, 
one can play tricks with perception by making lines 
converge or diverge which ordinary experience 
leads one to expect must be parallel. By combining 
various kinds of motion with curiosities of perspec- 
tive, one can produce sensations completely foreign 
to ordinary experience, which the unaccustomed 
brain fits into its perceptual scheme in forced and 
unnatural ways. A striking example is the so-called 
trapezoidal window. A wooden frame like an ordi- 
nary window frame, except that the top and bot- 
tom sashes are not parallel, is rotated uniformly 
about a vertical axis. When the narrower end of 
the frame approaches the observer, the converging 
lines, associated ordinarily with greater distance, 
present the observer with an unaccustomed di- 
lemma. Most observers resolve the dilemma_ by 
seeing the window frame in oscillating motion, 
back and forth, rather than in uniform rota- 
tion. In general, the way in which the observer 
perceives this and other strange situations varies 
with different persons and even varies with the 
same person, depending on what has been happen- 
ing to him in the immediate past. This means that 
what a person sees in a given situation may, to a 
certain extent, be manipulated and controlled by 
another person. 

Of course, there is nothing new in illusions. At 
Hanover, however, the study of such effects is 
being elaborated into a systematic technique for 
finding out about the nature of our perpetual proc- 
esses. I think that most people, once they have 
seen the demonstrations, would be convinced that 
such studies cannot help being of great value in 
revealing details of the ways in which our percep- 
tual machinery works. 

Personally, however, I find these studies tremen- 
dously suggestive and stimulating from a point of 
view of greater generality, namely, in emphasizing 
the significance of the mere fact that we perceive 
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at all. This is one of those things that a: 
versal we never think of them unless ow 

is forced by some dramatic situation. P 
we have always had with us and we tak 
pletely for granted. We see things out 
space moving about, and that is all ther 
We accept these perceptions at their fa 
and, on them as a foundation, we build 
tern of our “reality.” To this reality, we a 
absolute existence transcending its origin 
ourselves how it is that the human brai: 
capable of apprehending the absolute. B 
this question, we disclose our hazy feeli: 
what a brain can do is probably limited 
way. But except for this hazy feeling, it se 
me that the question is improperly put, 
fact that we ask it discloses an improper attitud 
on our part. Instead of asking how human brains 
can apprehend “reality,” we should ask what sort 
of thing it is that the human brain can fashion to 
call reality. It was, I believe, Suzanne Langer wh 
remarked that philosophy advances, not by finding 
the answers to the questions of preceding genera- 
tions, but by finding that those questions were im- 
properly put. Here it seems to me is obviously ; 
question that has been improperly put. The pe 
ceptions of time and space have been furnished to 
us by the machinery of our nervous systems. This 
machinery is a terribly complicated thing, whic! 
in spite of its complication does not give rise to 
perception until it has received a long course o! 
preparation and education. Anyone who has 
watched a small infant trying to coordinate 
visual and tactual sensations recognizes that wi 
acquire our perceptual abilities only by arduous 
practice. Yet we take our space and time wit! 
deadly seriousness. Even so great a scientist as 5 
Isaac Newton could say that space is the senso- 
rium of God, and nearly every philosopher treats 
thought as in some way transcending the machin 
that thinks. It will doubtless be disturbing to man) 
to give up our transcendentally fundamental tim 
and space, but I think there is perhaps something 
to be gained also. Perhaps when we learn to tak 
them less seriously we will not be so bedeviled by 
the logical contradictions in which they sometimes 
now involve us, as when we ask questions about 
the beginning or end of time or the boundaries 0! 
space. 

There is another respect in which I have found 
the experiments of Ames most stimulating, namely. 
in disclosing details of our mental processes 0! 
which we are ordinarily completely unaware. For 
example, as one watches the rotating trapezoidal 
window, one’s perceptions are in a continual 
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lting and forming and metamorphosing 
nother in a way quite unfamiliar. How 
ind words to describe such unfamiliar 
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ys, or how can one catch and hold such 





low can one even store in memory what 
perienced so that he may be sure that 
ier of fusion of two perceptions which he 







xperienced is the same as the manner of 





ion which he experienced yesterday? 





Of course, ever since psychoanalysis started, we 


known that there are processes occurring in 







» brain that never get to the level of conscious- 
«s but here it seems to me that we have some- 





lifferent, because here we are encountering 





is of conscious experience. Among these, 


Ww SOFT 


- are transient mental phenomena, accessible 





ficiently acute introspection. For example, as 
listen to our fellow, the meaning that he is try- 
o convey grows before it 1s complete. Mean- 






ngs do not spring full grown into our minds but 





ass through a stage of development that 1s sel- 
om, if ever, the subject of analysis. It seems to 
‘a general characteristic of our mental processes 
at we like to operate with static and complete 
we want our words to have fixed meanings 








nd we analyze space into points and time into 
nstants. But to sufficiently acute analysis, the fixed 
it is something that we 






nd static does not occur 





ve constructed, and in so doing we have con- 


structed away a whole world of mental phenom- 






na. 
It would seem not impossible that this world of 
nsient phenomena and fine structure could be 







covered and opened to us by deliberate cultiva- 
tion and invention. What is needed is the invention 


4 an introspectional microscope. Not until we 








lave amassed a considerable experience of this 
world will we be able to talk about it or even re- 
inember our experiences. Gaining mastery of the 








microscopic world of introspection will involve 
i the same sort of thing that happens to a 
or to a kitten when its eyes are opened. Study 






nat 





1 the process of gaining mastery of the new in- 
trospectional world may help us to reconstruct 
natively what happened to us in our own 








hood. 

It does not yet appear what the final method 
be for dealing with all these considerations. 
eve that the final solution will have to carry 

the consequences of the insight that quan- 
heory has partially glimpsed, namely, that 
bserver must included in the 
The point of view of classical physics, and 

ve also of all orthodox human thinking up 
present, was that the observer is a passive 











somehow be 
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spectator, expressed sometimes by saying that what 
he observes would be the same whether he were 
watching or not. Quantum theory points out that 
this is only an approximation valid in the realm 
of large objects. ‘he very act of observing a small 
object involves a reaction between the object and 
the observer, a reaction that must be allowed fot 
in reconstructing the system from observation. ‘To 
which we now add the insight that the relation- 
ship between the observed and the observer is a 
much more intimate relationship than these quan- 
tum considerations would suggest, and that it is 
in fact meaningless to try to separate observer and 
observed, or to speak of an object independent of 
an observer or, for that matter, of an observer in 
the absence of objects of observation. 

It seems to me that our eyes are gradually open- 
ing. We are coming to recognize that it is a simple 
yf 


matter of observation that the observer is part « 
what he observes and that the thinker is part of 
what he thinks. We do not passively observe the 
universe from the outside, but we are all in it up 
to our necks, and there is no escape. It would be 
difficult to imagine anything more contrary to the 


tenets of common sense or to the attitude of the 
human race since it has begun to think. The 
common-sense way of handling our minds has, 


without doubt, been of decisive importance, and 
the discovery of the common-sense way of thinking 
was, doubtless, in the beginning a bit of an inven- 
tion, perhaps the most important invention eve1 
made. One of the things that we are in fact doing 
In accepting the common-sense way of thinking is 
to declare that, for our purposes, we do not need 
to complicate our thinking by continually holding 
ourselves to an awareness that the thinker cannot 
be divorced from what We have thus 
brought about a tremendous simplification in out 
the the 


he thinks. 


intellectual and in history. of 


processes, 
human race the common-sense attitude has been 
more than justified. It seems to me, however, that 
we are approaching a position where we can rec- 
ognize the limit of usefulness of this way of think- 
ing. Common sense evolved in the comparatively 
simple situations of the primitive experiences of 
the human race, and although it may have been an 
invention, we be sure that 1t was an uncon- 


scious invention. adopted with no due consider- 


may 


ation of its limitations or possible alternatives. 
The 


evolved to cope was simple with respect to the 


world with which common = sense was 


range of physical phenomena that it embraced, and 
simple also with respect to the social organization 


of the communities in which common sense was 
practiced. In the last 50 years, we have drastically 









extended our physical range toward high velocities 
and toward the microscopic and have been able io 
retain our command of the situation only by dis- 
carding those common-sense methods of thinking 
about physical things which had served the human 
race from the beginning. We may well ask our- 
selves whether something analogous may not be 
expected to occur, or is not in fact already occur- 
ring, when we pass from the simple to the complex 
in phenomena other than those of the physical 
world, using pAysical in its narrower sense. There 
are at least two other classes of nonphysical situa- 
tions. These are social situations and the situations 
presented by the creation of abstractions or by ab- 
stract thinking. Consider first the social situations. 

There will be, I suppose, no disagreement with 
contention that, in the last few generations, the 
complexity of our social environment has tremen- 
dously increased. With modern methods of com- 
munication with the speed of light and of trans- 
portation with more than the speed of sound, the 
social environment of each person is becoming 
effectively the whole world. Plain analogy with 
what has happened in physics suggests the ques- 
tion of whether we are not here encountering an 
extension of range in our social experience that 
will demand an analogous abandonment of com- 
mon-sense methods of social thinking. By common- 
sense methods of social thinking, I mean _ those 
methods that developed in small communities and 
are fitted to deal with nothing more complex than 
the social situations presented by small communi- 
ties. From this point of view, most of our social 
thinking would seem to be of the common-sense 
variety. One characteristic social attitude springing 
from such an origin is the conviction that there 
is one and only one “correct” or “right” social 
philosophy or world-view, or one line of conduct 
that one “ought” to follow. Such a point of view 
could be pretty well maintained in a community 
small enough to offer a background of uniform 
social experience to all its members and able to 
enforce conformity on all dissenters. But the im- 
possibility of any such view has become amply 
apparent when the community has become the 
whole world, and we are forced to revise the very 
meanings that we attach to truth or right or ought. 
It would appear that there is a moral perception 
analogous to our physical perception of objects in 
space and time and, like our physical perceptions, 
dependent on our past experience. We may sup- 
pose that the savage, who has never seen a civilized 
window frame, when confronted for the first time 
with the rotating trapezoidal window, will see it, 
not in oscillating motion as we do, but in uniform 
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rotation. Analogously, the Hindu, brou 
the religious traditions of his group, per: 
moral imperative that he must not kill 
quito that annoys him. The realization o! 
new; the anthropologist has been dinni: 
our ears for some time. The anthropolo 
ever, could point his moral only in some, 
demic terms and mostly from the reco 
past by presenting us with the divergent 
of different peoples in different epochs. ‘| 
is now pointed with incomparably more | 
force in our endeavors to find a basis for 
monious living together of the entire world, a prob. 
lem that demands the simultaneous reconciliatioy 
of so many divergent outlooks. At the very | 
we shall have to evolve a new social philosop 
and discover some method of getting rid of th, 
provincialism that seems so right to common sens 
In addition to the social situations. a second 
nonphysical factor in our lives is afforded by ow 
abstract thinking. How long the human race ha 
been thinking and talking abstractly I suppos 
even the anthropologist cannot tell us, but it ap- 


peals to me as a good guess that we developed ow 


common-sense method of handling the situati 
I 


t 


of daily life before we began abstracting. 
known that there are primitive peoples that 
not yet formed as simple abstractions as “tree.” 
The extension of thinking from concrete objects 
abstractions constituted an extension of range sul- 
ficiently great to suggest the question, inspired by 
our experience with relativity and quantum theory, 
of whether the methods adequate to deal with tl! 
world of concrete objects continue to be adequat 
to deal with abstractions. To put the question 

to suggest the answer. In the answer, I believe \ 
can glimpse the solution to a riddle that has lon: 
baffled us. There is a class of people whose protes- 
sion is to deal with abstractions—that is, the p! 

osophers. By long tradition, philosophical thinkin: 
has come to be regarded by most people as th: 
most exalted of all thinking, and the philosophe: 
is often regarded with an approach to veneratio! 
But along with this veneration most people are dis- 
illusioned and feel the futility of the whole philo- 
sophical enterprise, because after 2000 years 0! 
argument philosophy has settled no questions an¢ 
no two philosophers agree. This situation can bi 
that 


understood in a measure when we recognize tha 
the philosopher essentially is applying to abstrac- 
tions the same common-sense methods that are ap- 
plicable in the realm of concrete objects. I think 
simple observation of any conventional philosoph- 
ical system will justify this statement, or, if on 
wishes, one can find a formal argument by Ph'!ipp 
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iow that the theses of philosophy are 

the theses of common sense extended 

iim of abstractions. For example, Plato 

ideas a reality like the reality of the 
common sense. But ideas are not like 

| to treat them like things is only a kind 

{ poetry. he cure for the common-sense attitude 
ward abstractions is to seek the meaning of our 
jbstract terms by an analysis at least as searching 
»s the analysis that we have been forced io apply 
, such sumple physical terms as length or time. 
Such an analysis is seldom applied to abstractions, 
t the common-sense implications in our verbal 
habits are uncritically accepted. For example, one 
‘the great abstractions is truth. In talking about 
yuth, one uses such expressions as the truth, or 
thinks of truth as eternal in the heavens, which 
all may know and on which all can agree. But just 
in physics we have been forced to recognize that 
here is not the one length of common sense but 
jifferent kinds of length, such as optical length or 
actual length, depending on our choice of method 
/ measurement, so analysis will disclose that there 
snot just the one truth of common sense but dif- 


rent kinds of truth, depending on the method 


ved for establishing “truth.” For example, scien- 


tific truth is not the same as theological truth, and 


‘must not talk about them as if they were and 
ss common sense wants us to. Since truth is such a 


‘requent topic for discussion in philosophy, this 


ne example will suggest the modifications in con- 


ventional philosophical thought that might follow 
the abandonment of the common-sense attitude 
toward truth. Perhaps the philosophers might even 
agree. Even if the philosophers prove unregener- 
ate, outside the realm of philsophy abandonment 
of the common-sense attitude toward truth will go 
far toward eliminating bigotry and intolerance. 

In conclusion, the problem of devising success- 
ful substitutes for common sense has not yet been 
solved, and we are standing only on the threshold 
of a new era in human thought. Although the final 
solution is not in sight, there are certain lessons 
that we can take to heart at present in the expec- 
tation that we shall not have to retreat. It seems 
to me that, as a minimum, we henceforth cannot 
regard a man as well educated who does not in- 
tuitively recognize that common sense is not to be 
taken for granted, or who does not handle his 
thinking as a tool in the awareness that every tool 
has limitations built into it. Such a man, looking 
to the past, can only be amazed that the human 
brain has, by cut-and-try methods, evolved proce- 
dures as effective as it has for dealing with the world 
around us; looking to the present, sees perhaps the 
most important reason for the present internal so- 
cial difficulties of the human race in its uncritical 
use of traditional habits of thought; and looking 
to the future, can feel only optimism for the time 
when we shall have learned how to substitute con- 
sciously directed control of our thinking for the 
blind procedures of common sense. 


SPW 


As it is, the premature death of a man like Edwin H.) Armstrong has for many of us 


the poignance of an irreparable personal loss, and should have for many more the im- 
pact-of a general contemporary tragedy. Another of my few true heroes who still lives, 
H. M. Tomlinson, best expressed my present feelings, when he wrote after the death 
of Conrad, “Once we were so assured of the opulence and spiritual vitality of mankind 
that the loss of:a notable figure did not.seem to leave us any the poorer. But today, 
when it happens, we feel a distinct diminution of light.” 

The questton becomes ever more pressing: Can we afford the loss of such too-seldom 


replenished light in a world of gathering darkness. 
Feb. 17, 


an American tragedy,” Saturday Review, 


R. D. Darrel, “Major Armstrong: 
1954, p. 54. 
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present is in undergraduate physics, particularly freshman physics an 
dynamics. This article represents a basic rethinking of the philo 
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lerest at 
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phy and 


methods of college teaching, particularly in science and engineering 


ASS education, the establishment of edu- 
cational facilities in wholly new fields of 
study, the increases in the amount of 

training necessary for minimum competence in 
any of these fields, and the self-imposed isolation of 
the liberal arts from these new technical fields, all 
have contributed to the present situation in which 
scientific departments and schools everywhere, 
even at the older liberal arts universities, are more 
or less cut off from the heritage of superior teach- 
ing methods developed over the centuries. An en- 
tire generation of teachers of science has, for the 
most part, never even seen the kind of teaching 
that properly belongs in every classroom. 

Teaching in professional technical studies con- 
sists largely of rote and information-giving, of the 
presentation of facts and methods. For example, 
every freshman is told the formula F = ma and im- 
mediately is shown problem solutions and then re- 
quired to work other problems himself, using this 
relationship. This continues until the student 
“believes” the relationship “because it works.” 
Few freshmen are ever induced to wonder whether 
or not they understand the meanings of the con- 
cepts of force, mass, and acceleration. Indeed, few 
freshmen are aware that they do not understand 
what they are doing when they use these concepts. 
When an exceptional student does ask about these 
concepts, he is likely to find that there is “not 
enough time” for such discussions, and his teachers 
generally are afraid of words and discussions, pre- 
ferring the safety and simplicity of problem work. 


How often do essay-type questions appear on 


examinations in technical courses ? 

The more immediately useful a field may be, 
the stronger are the pressures and temptations to 
do the easy thing and teach “practical” informa- 
tion. When this fare of memorized facts and tech- 
niques proves dull, somehow it appears to most 
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teachers that the best way to improve student mo. 
tivation is to become even more “practical” and 
superficial. Only courses far removed from direct 
application to life avoid this vicious circle, which 
is one reason why many of the great teachers to 
day are in the so-called “useless” fields, which in 
turn has created a widespread impression that the 
less relevant a field may be to life, the more likely 
it is to be a good study field by which to prepare 
a man for life. 

Course content has become confused with teach- 
ing methods, and so we have the debate on the 
Many 
scientists avoid the debate by calling it liberal arts 


liberal arts versus specialized education 


and sciences versus specialized education, mean- 
while continuing their own specialized education 
programs. Educators in medicine, law, and eng- 
the 
amount of “useless” 


neering concede debate by requiring some 
liberal arts training in their 
programs, partly because of the real desirability of 
the subject matter of the liberal arts, and _ partly 
because they hope in this way to turn over to 
someone else the job of teaching students to reason 

Rational teaching is every teacher’s prime r- 
sponsibility, and it cannot be delegated to some- 
one else as a difficult but desirable thing that should 
be inflicted on every student. Depth and real un 
derstanding, relevance to life in a broader sense, 
and creative thinking must ke insisted upon in 
every course of study. Outstanding educators in 
the liberal arts who realize both the necessity an¢ 
the difficulty of actually bringing these things t 
the classroom have, by and large, failed to pass on 
to their colleagues in technical fields just what ‘s 
the essence of this, their best work. They have not 
insisted on equal quality of teaching methods. Th 
liberal arts teachers have long maintained that 
they were doing a better job of training men, but 
they have lulled technical teachers into compla- 
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by mplying that their better performance 







a i iy due to the superiority of the subject 
matte! he liberal arts. They have claimed ra- 
‘nal education as theirs and theirs alone as an 
pseparabie part of their subject matter, and 
most other teachers have been content to let 





hem have it. 

Just what is this way of teaching which might be 
alled intellectual teaching or rational teaching, 
his method that teaches students to know, to un- 
Herstand, and above all to reason? Since every 
ducator will say at once that he has been teaching 
or these purposes all along, it is necessary to 
ndicate in some detail how it is carried out in the 
lassroom. The most obvious feature of rational 
eaching is that the students do most of the talking 
during at least some of the class meetings. This 
snot a simple matter of answering direct ques- 
ions on material covered previously in lectures 
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; dae r reading but, rather, a skillfully led discussion 
aac f “Why ?” reallly and “How do you reach 
Reaihe hat conclusion?” The students question one an- 
pres ther as well as the teacher, and the teacher 
' 1. robes deeply but sympathetically to bring out su- 
Prepare Bherficial thinking, prejudice, and error in a way 
that shows each student his shortcomings and 
| teach- Bakes him want to grow to overcome them. 
the Rational teaching is a far more intimate form of 
= teaching than the usual lecture from the black- 
4 board. ‘The students must take part; they can no 





longer “watch the show” casually, as if it were on 


ucation 7 : 
television. A student must study for classes like 



























1 enoi- —— P . ° . . 
>” Bthis if he wishes to avoid looking like a fool be- 
r some Hy aa ; : 
lore his fellows. Equally important, the teacher 
nD their ; ; 
‘itv of must be prepared in some depth and over a broad 
HAtY 0 oa ° e 
) range. The students are likely to bring out how 
Jartly . : ' 
I much or how little the teacher knows, and to 
ver 10 Mc. 5) 4 : ‘ 2 d 
corner” him logically from time to time. Hence, 
reason : e - r 
rational teaching is not for the shy or shallow 
ne r- eee as : : ‘ 
teacher who prefers to hide behind a formal lecture 
some- ‘ ‘ays a ; 
houl and not allow the intimate probing that permits 
SNOUIC . ° ° ° 
students to bring out the best or worst in him just 
al un- ; . ; 
as he does in the students. 
Sense, Whv is : : . : : 
ly is this continuous verbalization so import- 
on in ; te ; 
_ feant, and why is it valuable in areas of study not 
Ors in r : ° , ii 
, @Pumarily concerned with words? Verbalization 
y and &- . 
; is used here to refer to the expression of thoughts 
1gs 0 c . ° . . 
and ideas in words as precisely as possible. It is 
iss On : ° . d 
hat ie Qe Portant in any field of study as the most prac- 
lat IS eT ‘ : ; 
, tical means of allowing teacher and students to 
e n ; RE 
Th examine one another’s procedures of thinking so 
cm... ; 
rie as {0 judge, correct, and improve those ways of 
1a . &: 
"* thin\ing. If, as most educators agree, the primary 
Jb ; : =, 
I goal of education is to teach students to think, 
npla- ° ° . 
then there is no excuse for being shy about asking 
HLY 
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all concerned to demonstrate their thinking by 
“thinking out loud” from time to time. 

It has been said that if one has completed his 
thinking, he can put it into words; if he cannot 
write or speak, it is probably because he has not 
finished his thinking. The connection between the 
careless, incomplete thinking of many of today’s 
science and engineering graduates and their in- 
ability to write or speak should be apparent, and 
it makes quite an indictment of the schools produc- 
ing these graduates. This failure cannot be laid at 
the doors of the English departments of the schools, 
for speaking and writing cannot be taught as iso- 
lated subjects, disembodied from the thoughts 
they express. Rational teaching is the responsibility 
of every instructor, no matter what his field or 
level. 

A few questions can bring out clearly whether 
or not teaching in a given classroom is rational. Is 
the student required to think logically, draw con- 
clusions, and know why he has drawn them? Does 
he have to relate his study to real values, to his 
entire environment? Does the teacher employ ques- 
tions and answers to induce each student to come 
to his own conclusions by an active, creative 
process? Does the teacher by his example inspire 
the student to exercise his whole mind in the search 
for values and truth? Are the “answers” created 
within the student’s own mind, or are they pro- 
vided by the teacher or by mathematical or other 
logical crank-turning that uses symbols without 
real meaning for the student (if even for the 
teacher) ? 

In solving a problem in any field, the student 
should be prepared to show that he recognizes 
the problem by stating it clearly and precisely, 
both in words and in any other symbols at his dis- 
posal. He should be able to discuss the meanings 
and limitations of his symbols (including words), 
of his simplifications and assumptions, and of his 
logical processes (including mathematical opera- 
tions), and he should be able to discuss his solution 
and its relationship to the real problem. This re- 
quires considerably more of both student and 
teacher than the usual process in problem-solving 
which superficially runs through from assigned 
problem to “correct” answer. The statement also 
helps to identify problem-solving as one of the 
necessary elements in any course of study, whether 
the study be in liberal arts or in law, in education 
or in engineering. One must have the facts before 
one can reason, so the relative amount of problem- 
solving may vary with field and level; but reason 
should not be eliminated even in the early stages 


of learning. 
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Unfortunately, rational education is a difficult, 
painful process for student and teacher, so much 


so that in this superficial age many a teacher fears 


that if he attempts it he will appear awkward and 
ridiculous and perhaps even be laughed out oi his 
classroom. Rational teaching involves uprooting 
old prejudices and replacing them with an atti- 
tude of free inquiry, replacing slothful habit with 
active, creative thinking. Most men hold to their 
prejudices as they do to life itself. When their 
prejudices are challenged, they often attack the 
challenger by any and every means at hand. As a 
prejudice is displaced, they may resist the challenge 
to think with equal vigor. Thinking is hard work, 
much harder than physical labor. Like all hard 
work for good purpose, thinking rewards the toiler 
with great satisfaction, but unlike simpler forms 
of work, often the satisfaction is not apparent at 
the outset. There is little promise of action or ex- 
citement, and all too often the uninitiated looks 
on a prospective task of thinking in the same way 
he regards a dodo—as clumsy, flightless, and use- 
less. Nothing could be further from the truth. 

There is much confusion today between being 
a great teacher, being a demanding teacher, and 
being a popular teacher, just as there is exactly 
parallel confusion about the corresponding courses. 
We are all familiar with the old grad who loves 
to boast of how he suffered at the hands of “old 
slavedriver,” who taught him “so much,” and yet 
the old grad cannot remember any of what he was 
taught. Little need be said about the jolly-good- 
fellow who “understands the students’ point of 
view” and little else, who is careful never to de- 
mand any real effort from his students. And yet 
when teachers come to grips with their own 
courses, there is always the temptation to waver 
in one of these directions rather than to attempt 
rational teaching. Interestingly enough, however, 
when a teacher faces up to his task and spends his 
time in a course seeing to it that every student is 
induced to become aware that he can read the 
text alone, can reason intelligently with what he 
has learned, and can tell others about the process, 
high initial hostility and resistance often melt away 
to deep appreciation of both the course and the 
teacher. 

In one of the better known small liberal arts 
colleges a teacher recently experienced the entire 
range of student appraisal during the course of a 
year’s work. He was giving an entirely new fresh- 
man course in an old field in which he was at- 
tempting to emphasize concepts and _ logical 
thought. His insistence that every student thor- 
oughly understand the basic ideas involved and 
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learn to reason rather than merely sh 
problems led to open student-resistance. 
minated in a demonstration at a studer 
which two minutes’ silence was observe 
(the teacher). Fortunately, 
was allowed to continue and the teac] 
his standards. By the middle of the yea 
sion had calmed but not subsided. By 
the year, the teacher had won over the c! 
surrendering but by succeeding at his t: 


33 
so-and-so 


K Of rad 
tional teaching. The class gave him a standing oy. 
tion after his final lecture, one of his students won 
an essay prize in the English department, writin, 
of his own “conversion” in the course, teachers 7 
other freshman courses reported a significant jp. 
provement in student performance in their cours. 
and so on. 

Students and faculty members are human beings 
and, hence, are likely to cling to their prejudices 
on how courses should be taught, which makes the 
initial change to rational teaching very difficlt 
But once such teaching begins to awaken a signifi. 
cant proportion of the students to their powers of 
thought, there is no reasonable argument against 
it. Once students learn that a teacher can do mor 
than read the book for them, can make learning ar 
experience rather than a chore, the battle is won 
The second year will proceed more smoothly wit! 
the benefit of the reputation built initially 

A course in swine husbandry could conceivabl 
life better than many courses now being offered 
in science, philosophy, or English literature. Th 
subject matter that happens to be covered is {a1 
less important than the teaching methods used 
An illustration is the really great teaching that was 
done a few generations ago despite the severely 
limited fare of 
gauge, mathematics, and perhaps an elective 0! 


Latin, Greek, some modern l|an- 


so. It is the influence of the great teacher on his 
students that counts, the experience of rationa 
education that awakens a mind to its powers. 
An aware, thinking mind can, if need be, gath 
the specific facts it needs later in life, away fron 
formal schooling, but only in exceptional case: 
can a mind that is only informed awaken itsel! t 


think well, away from the prodding and encourage 


ment of a great teacher. This is not to say that 
educators should not take great care to provid 
their students with subject content that wil! bot! 
enrich their leisure and help them to wor! 
tively at their jobs. It is only meant to emph 
that of the two, rational teaching rather th: 
tent is vital. 

If a selection were made of subject matt 
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ching men to think, the much praised 
might prove to be far down the list. 

most suitable fields would be science 
‘ring, for there the facts are more def- 
aths of logical thought less varied, and 
process of thought simpler to describe, 
nd judge. Moreover, in technical fields 

7 io motivate the students in the beginning, 
efore they realize exactly what should be their 
roper als. 

[he technical fields offer an infinite array of 
raded problems and concepts that require powers 
‘thought increasing without upper limit, and at 
nore advanced levels the students meet problems 
wivable in theory yet in practice so complicated 
that solutions must be reached through intelligent 
intuition. These problems are an excellent introduc- 
ion to the still more complex problems that are 
yeated in the liberal arts, such as problems involv- 
ing human beings. 

It is a pity that so little advantage is taken of 
the possibilities for rational education in technical 
‘elds. Even now, however, it should be noted that 
ieshmen in technical fields must think out prob- 
lms with abstract symbols in a creative fashion 
amost from the start. How many liberal arts cur- 
rculums accomplish as much before the second or 
third year? The technical fields are so well suited 
0 rational education that many students learn to 
think rationally even without the help of compe- 
nt, rational teaching. 

Every student should broaden himself by study- 
ing in several disciplines in addition to his major, 
preferably sampling in a way that provides depth 
without coverage instead of the converse, but as 
rational teaching is introduced into technical 
ourses, a new evaluation must be made of the 
ptinum amount and location in the curriculum 
of such courses as those in the liberal arts. Cer- 
tainly the simple solution of either requiring a lib- 
eral arts B.A. degree before any technical pro- 
essional training or spreading out some quantity 
1 random liberal arts courses evenly throughout 
a technical curriculum does not reflect very deep 
udgment. The most efficient location of liberal 
arts training may be toward the end of extended 
college training, when students have matured suffi- 
cently in their outlook and capabilities to benefit 
most fully. 

In technical fields, the considerable success of 
even poor teaching will be used to argue against 
improvement. Many will object that there is not 
‘nough time for the “luxury” of ali this verbaliza- 
tion in technical curriculums, despite evidence that 
a rational education is actually more efficient even 
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when measured in the limited terms of information 
retained or ability gained at practical problem- 
solving. Specialization has become narrow not so 
much because it is advanced as because informa- 
tion cannot be retained over more than a narrow 
field without the logical frame which is no longer 
being provided. Facts must be related and com- 
pletely understood if they are to be remembered for 
any length of time and used. 

Those fields of study in the liberal arts where ra- 
tional education is preserved are in danger of being 
pushed out of existence by the pressures of special- 
ization. Where they remain as part of joint cur- 
riculums with technical studies, they may be sabo- 
taged by the prevailing attitude of the rest of 
the faculty teaching “practical” courses in a non- 
rational way. If rational education is to survive, 
it must be spread throughout all teaching from the 
secondary level upward in every field of study; 
otherwise it will remain a feature of liberal arts, 
and liberal arts will shrink to a curiosity in our 
society, barely maintained and neither appreciated 
nor understood. 

Had the great teachers of Greek given more of 
their energies to secing that their teaching methods 
were preserved and passed on, and less to bemoan- 
ing the loss of interest in Greek, the number of 
really great teachers in engineering might have 
been larger. It is time for the rational teachers of 
the present day to stop defending the purity of 
their own courses and stari helping to raise teach- 
ing standards in the common, unassuming, market- 
place courses that constitute most of American edu- 
cation. Rational education can be saved if enough 
teachers will apply it in their own teaching and 
help others to understand and apply it. 

What specific action is called for in the present 
situation? The most critical problem of American 
education is now in secondary education, where 
students are making up their own minds whether 
school is something to be experienced or something 
to be endured. Every effort must be made to re- 
introduce rational teaching both directly into the 
secondary schools and indirectly through the teach- 
ers colleges. Success at this level will greatly in- 
crease the number of qualified students going on 
to college, and will make life more meaningful to 
those who go directly into trades. Interest in sec- 
ondary-school problems is already growing among 
qualified college educators. The plea here is that 
this interest extend as much to teaching methods 
as to content. 

Although it will be difficult, specific action at 
the college level may be accomplished more quickly. 
In technical curriculums it should start with the 
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complete reconstruction of the freshman year. The 
specific, detailed coverage of topics must be reduced 
and greater emphasis be placed upon concepts and 
ideas, upon the history and philosophy of science, 
and above all and throughout all upon individual 
thinking. There must be fewer lectures and large 
classes, more small meetings of students with ma- 
ture teachers. The teachers must do more teaching 
while sitting down and less while writing at high 
speed on the blackboard. Examinations must in- 
clude more essay-type questions than numerical 
problems, and when possible should be given as 
oral examinations. 

Once the freshman year in technical curriculums 
is properly taught, the students themselves will 
tend to force the changes necessary in later years. 
Those changes will involve less a change in content 
than a change in approach to that subject matter, 
although inevitably trivial detail and application 
work will be reduced as greater depth is intro- 
duced. The important accomplishment will be the 
introduction and maintenance of rational educa- 
tion at the freshman level, and this calls for the 


In nontechnical college curriculums 
has come for leaders to examine teach 
liberal arts to determine the degree to 
tional education has disappeared ther: 
home grounds. They will probably find 
have almost as great a task in reintrod 
tional teaching in those fields as_ the 
teachers have in introducing it to theirs. 
Finally, there must be a complete reevaluation of 
the place of the liberal arts in professional educa. 


tion, an evaluation by men able to star‘ without 
prejudice, and with particular emphasis on the 
place of the liberal arts in the time schedule of pro- 
fessional curriculums. The level of such cours 
and the amount of time so spent should be arefully 


considered. There is reason to question whether the 
simple solution of requiring a bachelor’s degree jp 
the liberal arts before professional training has any 
rational justification. Perhaps a common pattern 
may be developed in science, medicine, law, and 
engineering, a curriculum plan requiring 6 years 
of coordinated training leading to simultaneous 
bachelor’s degrees in liberal arts and the profes- 


best efforts and cooperation of many dedicated — sion, and after that graduate study following more 


teachers. or less the present plans. 
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I feel that when Shaw intentionally speculates in his Back to Methuselah on the shes 
good life in coming millenniums he describes unintentionally the lives of some groups \ga 
of our ancestors during millenniums of the remote past. For Shaw pictures the nearly jun 
ideal condition of the future in a way that has little relation to civilization as we find Sch 
it about us today but which is reminiscent of a great deal that we call the lowest rst 
Savagery.... A 
On the basis of my years with the Stone Age Eskimos I feel that the chief factor in of t 
their happiness was that they were living according to the Golden Rule. he | 
It is easier to feel that you can understand than to prove that you do understand sl 
why it is man gets more happiness out of living unselfishly under a system which re- Cas 
wards unselfishness than from living selfishly where selfishness is rewarded. Man is | 
more fundamentally a cooperative animal than a competitive animal. His survival as aon 
a species has been perhaps through mutual aid rather than through rugged individual- _ 
ism. And somehow it has been ground into us by the forces of evolution to be “instinc- Bos 
tively” happiest over those things which in the long run yield the greatest good to the in | 
greatest number. Sal 
My hope for the good life of the future, as I have seen it mirrored from the pzst by ser 
the Stone Age of northern America, does not rest wholly on a belief in cycles of his- org 
tory. It rests in part on the thought that a few more decades or centuries of preaching whi 
the Golden Rule may result in its becoming fashionable, even for the civilized, to live Lal 
by the Golden Rule. Perhaps we could live as happily in a metropolis as in a fishing . 
village if only we could substitute the ideals of cooperation for those of competition. sal 
For it does not seem to be inherent in “progress” that it shall be an enemy to the good Ps 
life-—Vilhjalmur Stefansson, Harpers Magazine, reprinted in A Treasury of Science “~ 
Harper & Brothers, 1943), pp. 502, 511. a 
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N the summer of 1861, three young naturalists 
destined to become outstanding leaders of 
their day in the development of the natural 
sciences organized an expedition to Anticosti Is- 
land, in the Gulf of St. Lawrence, for the collection 
of geological, zoological, and paleontological speci- 
mens (/). These young men, 20 to 23 years of age, 
were all students of the master naturalist Louis 
Agassiz. They spent the summer between their 
junior and senior years at the Lawrence Scientific 
School of Harvard University together on their 
first scientific collecting trip. 

Alpheus Hyatt was later to become the curator 
of the Boston Society of Natural History and to 
be placed in charge of the fossil cephalopod col- 
lection of the Museum of Comparative Zoology at 
Cambridge. He was also to serve as professor of 
nology and paleontology at the Massachusetts In- 
stitute of Technology and professor of biology at 
Boston University. He was to play an active part 
in founding the Peabody Academy of Science in 
Salem and the American Naturalist, for which he 
served as editor between 1867 and 1871. He later 
organized the Annisquam Seaside Laboratory. 
which was the prototype of the Marine Biological 
Laboratory at Woods Hole (2). 

Nathaniel S. Shaler later became professor of 
paleontology and geology at Harvard University 
and eventually dean of the Lawrence Scientific 
School. He was also to serve as the state geologist 
of Kentucky for a time and was to be placed in 
charee of the Atlantic Coast Division of the U.S. 
Geological Survey. 


ng more 
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“4Three Young Naturalists 
he First Expedition of 
yatt, Shaler, and Verrill 


RALPH W. DEXTER 


As professor of biology at Kent State University, Kent, Ohio, Dr. Dexter teaches 
ecolog) and field zoology. For his Ph.D. degree, which he received at the Uni- 
versity of Illinois, he 
chusetts, where he had spent his boyhood. Most of his fieldwork was conducted 
along the Annisquam tidal inlet, the site of Alpheus Hyatt’s summer seaside 


studied the marine communities at Cape Ann, Massa- 


laboratory from 1880 to 1886. 





Addison E. Verrill became professor of ento- 
mology and comparative anatomy at the Uni- 
versity of Wisconsin and then professor of zoology 
and curator of zoology of the Peabody Museum at 
Yale University, where he also taught geology in 
the Sheffield Scientific School. He was also to be 
in charge of the scientific work of the U.S. Com- 
mission of Fish and Fisheries in southern New 
England and of the deep-sea dredgings of that or- 
ganization from Cape Hatteras to Nova Scotia. 

All three men were intensely interested in the 
natural sciences, especially geology, zoology, and 
paleontology, from boyhood to the ends of their 
lives. Hyatt became primarily a_ paleontologist, 
Shaler a geologist, and Verrill a zoologist. They all 
became famous teachers of natural science and 
published many research studies, especially on the 
invertebrate groups both recent and fossil. All three 
became staunch evolutionists, contrary to the in- 
struction they had received from Louis Agassiz, 
and did much to advance knowledge and theory 
in the field of evolution. While they had much in 
common, they also had their individual differences. 
Hyatt was philosophical in nature. Shaler was 
given to generalization and popularization. His 
popular writings ranged into the fields of history 
and poetry as well as through the natural sciences. 
Verrill was more realistic, confining his attention 
to scientific details and factual relationships. 

Hyatt, according to his custom, kept a day-to- 
day diary of their maiden expedition. Selections 
from his journal have been made to show the con- 
ditions under which they lived and worked, their 
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Nathaniel S. Shaler as a young man. 


relationships to one another as enthusiastic bud- 
ding naturalists, and factors that played a part in 
shaping the careers of these young men whose 
promise was brought to fruition in later years. The 
photographs reproduced here were made shortly 
the three 
their Anticosti expedition. 


after young naturalists returned from 
Hyatt, in the introduction to the diary of this 
expedition, explains the manner in which it de- 


veloped and its relationship to background events. 


Cambridge, Mass., May 18, 1861. In the month 
of January, Anno Dom. 1861, N. S. Shaler, an in- 
mate of Zoological Hall, Cambridge, having read 
somewhere and in some paper to himself and to 
the writer of this journal unknown, an “Account 
of the Hermit of Anticosti,” was moved by his 
memory to speak of that isolated strip of limestone 
to his companion A. E. Verrill. No doubt a dispute 
the 
said 


arose to situation, some other 


of the 
honored custom of our Cambridge Society which 


as extent, or 


quality locality according to time- 


enjoins upon every inhabitant to attack whatever 
that 
have been, they were excited thereby to examine 


he can in his neighbor’s talk; be as it may 
the map of the Gulf of St. Lawrence and became 
interested in the history, geographical and other- 
wise, of this Island. This interest was increased by 
the frequent mention of the locality in the learned 
disputes of Prof. Rogers and Prof. Marcou which 
the So- 


the succ eeding 


occupied the evening meetings of Joston 


of Natural 


months. 


ciety History during 


In the month of February or perhaps 
was called into the consideration and it 
gested that as we had previously deter 
make a summer trip in company, no bet 
could be selected for inspection than 
Many were the advantages pointed out, 
main interest centered on the questions 
this promised land offered. According to th: 
Prof. Rogers, the best solution of the s 
whether the same species passed from 
logical horizon into another or whether « 
mation was specifically distinct from all « 
every member of its fauna. 
to test the anti-Darwinian ideas of Agassi 


Presumably, 


One thing grew out of another until 
mined to go if the Museum would eke 
spare means with a_ sufficiently generou 
themselves; we ate. 


felt 


Calmly the trio prepared 
drank, we slept Anticosti 
to spring our plan upon 


until we 
our 
Then came a dark period when the Museum 
pleading for its existence to the Government 


Massachusetts. It was $8000 in debt and §$ 


unsuspectil Py 


Pepare 
prt] 


TT 


was needed for bottles, they must be obtained 


we must shut up, so said the glorious scientist 


director |Louis Agassiz)... . Patiently we aw: 


the official announcement which was to lift the 


heavy burden of debt from the Prof.’s shoulders 


came at last and on the morning of the precedi: 


day we waited upon him. Generously he met ow 


proposition and granted our petition for assistai 


our list of general expenses was made out, pi 


sented and approved. 


But alas, the Southern Confederacy assumed t! 


right to defy the general government in seizing | 


Sumter and forthwith came President 


Lincolt 


Proclamation calling for volunteers and the nol 


tll» 


response of Massachusetts seemed to place our ey 


pedition in jeopardy; where was the Museum 


get the $20,000 was doubtfully asked; could Mass 
Ing 


chusetts pay it? We thought not, but we still cli 


tenaciously to hope and to our plans. . . . Final 


one bright morning that conscientious body, 


Massachusetts Legislature, paid over unasked 


the Trustees the much needed $20,000 and ev 


seemed surprised that Prof. Agassiz should sup 


pose that the payment of the appropriation would 


be delayed by the pressure of the times. So di 


Massachusetts when Missouri appropriated 


il 


school fund for carrying on wariike preparations 


all honor to Yankee Massachusetts and her Y 


men! 


With permission and financial support 
proposed collecting trip secured, a list of 


nk 


equipment was prepared and was approved © 


May 17. Among the books selected were Ca 
Geology, Emmon’s Geology, Dana’s Mine 
Stimpson’s Grand Manan, Gould’s Invert 
Gray's Botany, Forbes’ Natural History, a 
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ort on Lake Superior. Assignments for 
ities in making and caring for the col- 
ere as follows: (i) Recent animals 
sects, birds (Verrill) ; bivalves, crusta- 
ies (Shaler); gastropods, cephalopods, 
iammals (Hyatt). (ii) Fossils—corals 
bivalves, trilobites (Shaler) ; gastropods, 
ids, crinoids (Hyatt). 
comparative costs were made between 


passage on sailing vessels and chartering 
nd crew of their own. The latter proved 
‘s expensive, as well as more convenient, 


ins ying the amount of necessary freight. On 


ut our Mav 21, Hvatt wrote: 

han talked over the matter with Prof. Agassiz 
ate, \ and he agreed to give in all $200; for outfit $75 
Pepare and $125 for vessel. Deducting the $125 from $220 

Prof the cost of the vessel to us would be $95, but as our 
Mm Wi estimate is probably too low we shall have in all 
lent of likelihood a larger bill to settle. Wrote to Verrill a 
12.0 full acount. Prof. paid the $75. 


ned o} ‘ . 
Pa Sixteen days later, after arrangements had bee 


made, Hvatt wrote: 

Thursday, June 6. The Prof. came over in the 
afternoon by appointment to give us some direc- 
tions and advice. He said that the principal point 
to be investigated was the line of junction between 
the Boreal and Temperate faunae. Advised us for 
this reason to collect as great a number of species 
as possible, especially just upon the division line 
between the two faunae if we could be so fortunate 
as to find such a line in the Gulf. That we should 
collect with the purpose of determining faunae. 


coln s 
en He mentioned fishes as of special value since they 
have been investigated by Richardson in the Arctic 
regions. He spoke also of Fabricius’ Fauna Grden- 


landica and Middendorf’s Mollusca. Mentioned the 
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Alpheus Hyatt as a young man. 


Addison E. Verrill as a young man. 


Crustaceans as of special value even to the small- 
est parasites and sand fleas. Said that nothing was 
known about the Cetaceans, that he had the great 
work of Eschricht on the Cetaceans observing that 
many of the public buildings of Copenhagen were 
occupied by the skeletons which Eschricht had ob- 
tained. Said that Fabricius had described large 
numbers of worms. Gave us carte blanche to ex 
pend money upon what we found necessary to ob- 
tain and to bring home a whole skeleton—if we 
should find one stranded—of a whale. Advised to 
make full collections of fossils in every strata. 


The island of Anticosti is composed of rocks of 
Late Ordovician and Early Silurian age. They 
form the most extensive sequence of such strata in 
North America. James Richardson (3) made the 
first geological exploration of the island in 1856. 


His collections were studied by Billings (4). The 


most thorough geological and paleontological study 
of the island has been made by Twenhofel (5). The 
fossils of Anticosti are primarily corals and brachi- 
opods. A brachiopod genus described from. this 
island has been named Hyattidina in honor of 
Alpheus Hyatt. 

On Monday, June 10, Hyatt and Shaler left for 
Eastport, Maine, where they were joined by Verrill 
on Friday after he recovered from an illness which 
nearly prevented his going on the trip. The voyage 
was very rigorous from the beginning. On_ the 
second day, Hvatt recorded in his diary: 

Everyone ill except the captain and myself. 
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Stood my first watch to-night and dreary enough 
it was too, with the rain beating into one’s face 
and the vessel heaving like the arms of a compass 
needle or a cork in a wayward stream, fairly pitch- 
ing a man off his legs sometimes by a sudden roll. 
My watch was varied by emptying the single tin 
receptacle that Verrill and Shaler were constantly 
demanding. After a desperate eruption of bile 
Shaler begged me to throw him overboard; it 
looked at the time as if he were attempting to per- 
form the preliminary Holothurian operation of 
heaving his stomach and entrails over the side first. 
We were both afraid that Verrill’s nausea and vio- 
lent retchings would bring on a relapse of the 
inflammation that he had at Cambridge especially 
as he complained much of soreness of the stomach 
and side. 


After a difficult trip, they reached Sea Coal Bay 


on Friday, June 21. 

In the afternoon Verrill and the Captain went 
ashore, while Shaler, Treat [crew hand), and I 
dredged. We found Alcyonium [alcyonarian coral 
abundant, associated with Campanularia and Ser- 
tularia |hydroids) on the rocky bottom in from 10 
to 18 fathoms. On the stems of the polyps were 
species of naked molluscs, a Doto and an Acolis. The 
branchiae of the Doto were like the Pope’s Crown 
Hyatt had visited Rome in 1857] tricoronated with 
rows of small white knobs. One Velutina |snaill, 
the chiton Marmoreus, several small Actinia ‘sea 
anemones |, were collected. 
Sixty-one years later Verrill published a mono- 


young star fishes, etc., 


graph on the Alcyonaria and Actinaria of the Can- 
adian Arctic Expedition. 


At Entry Island on June 23, they 

went ashore immediately after breakfast, found the 
southwest side almost entirely composed of broken 
trap cemented by gypsum. The jagged cliffs pre- 
sented a panorama of beautiful scenes. In one spot 
where huge masses of Breccia rose in the back- 
ground between two miniature Alpine peaks made 
one half feel as if he were in Switzerland. In the 
afternoon cast the dredge eight times but always 
failing on account of the projecting rocks catching 
in the dredge and anchoring it. Shaler and I dis- 
gusted over our ill luck visited the shore again, 
climbed one of the peaks, diversifying the exercise 
by a furious quarrel. 

Monday, June 24. At night we weighed anchor 
and ran for Bird Rocks. These islands rise perpen- 
dicularly on one side from the water's edge and 
are literally covered with gannets and murres on 
the top, the shelves, and the tali. The murres were 
generally lower than the gannets and the gulls 
were upon the more isolated and projecting points. 
Hundreds of thousands of these birds sitting upon 
their nests or flying swiftly about filled our ears 
with their noisy cries so that we could hardly hear 
each other speak. Gunshots scared those in the 


more immediate vicinity but they soon 
and cowered over their nests. I climbe: 
projecting ledge and secured a few mu 
it was rather difficult going forward bu 
back I could only cut steps through th: 
guano into the rock, which was fortuna 
tegrated so that it yielded readily to ¢ 
coming out in small angular pieces. Th 
ternative would have been to jump for 
Thursday, June 27. Weighed anchor 
down to Gull Cove near the fall. Shaler her 
cured an Ormoceras ‘snail| from the dark 
limestone of the Gull Cape section, acco 
Richardson, and I a strange fragment al 
a fucoid from the lower bed with a few Brac! 
poda lamp shells} in the iron grey limestone 
terstratified with the yellowish limestone. Th 
partings of iron grey limestone from 6 to 3 in 
thick were the only fossiliferous portions of 
lower part of the cliff... . Friday, June 28 
this place we rowed until we came upon corals 
a convenient place. Verrill fairly rioted among t! 
fine specimens which we dug out for him. T! 
lower corals have the peculiar flattened forn 
the Fungidae, or else the compact rounded 
pearance of the deep-water corals. Just below 
bed almost down to the water line, the brow 
Crinoidean [sea lily] limestone appeared 
Saturday, June 29. Ran up the coast to T: 
Head. We visited the shore and found a Beat 
fossil hydrozoan] bed about 15 feet abov 
water, obtaining quite a number of spe 
Thirteen feet above high water mark Verrill 
tained some fine corals and on the top of the « 
just above the Beatricea bed, a crinoid head 


The identity of Beatricea has long been problen- 
atical. Billings described it as a fossil coral, w! 
Hyatt thought for a time that the genus belong 
to the cephalopod mollusks (6). In recent tin 
Beatricea has been regarded as an extinct hycio- 
zoan coral, although Verrill did not believe tha’ 
was a radiate form and Shaler thought that 
might be a sponge. The genus was known 0! 
from Anticosti until specimens were later {ou 
in Kentucky by Shaler (7). 

Sunday, June 30. Visited Fox Point in 
walked some distance along the shore t 
Table Head seeking the Murchisonia {snail 
spoken of by Richardson but did not go far eno 
since as we afterward found that this must 
out close to Table Head. We should have 
it before when we landed but for the black 
and mosquitoes which attacked us with such 
that we were obliged to retreat. I tied a hai 
chief around my head but they penetrated 
and bit my forehead, face and neck so fi 
that the blotches were stiff and swollen out 
measles. ... Calm weather prevailing we ran ‘ 
dredge; brought out of 10 or 20 fathoms Ma) 
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one specimen, and Lucuna [Lacuna or 
Luci? mollusks} in vast numbers, — several 
colored shrimp, and a spider crab. Also 
re two brightly colored fishes, their sides 
id their fins dotted with black and gold 
ts: the sides were dotted in the same manner 
pots were smaller. 

Wednesday, July 3. Ran down to Battery Point 
oat and were quite disappointed in finding 


th 
no indications of Beatricea that Richardson men- 
‘ioned as so remarkable, but only a limestone cliff 
ind that only slightly fossiliferous. I obtained a 
few fossils on the east bank of the creek just below 


Thursday, July 4. Independance day at this try- 
ing period of our national history, more than ever 
memorable, we celebrated with becoming enthu- 
We fired a salute of thirty guns at flag 
and dined with interrupted but unflagging 
patriotism on salmon and_ preserved — peaches 


siasm 


washed down by wine. 

Somateria molissima ‘eider duck] were so abun- 
dant that their nests were found under every 
stunted spruce, associated with the Larus argenta- 
ii herring gull] and often in the open spaces 
among the beach grass. Larus argentatus seems to 
have no habits of nesting, that is definite habits, 
but was found in all situations among the beach 
grass, in the bushes, or on the island spruces in 
he interior. 

Friday, July 5. Rowed to Esquimaux Island; 
saw a Bellerophon (snail), some straight shells, and 
a flattened Murchisonia like a Trochus. Several 
other Murchisonia were seen by other members 
of the party. Continued our row to Gull Island; 
found it covered with loose slabs under which the 
Marmon arctica |puffin?) had built their nests in 
such abundance that we bagged nearly two buckets 
full within a short time. These nests were too deep 
for the length of our arms in most cases and we 
were therefore obliged to turn over their stony 
roofs in order to get at their eggs. Observed large 
number of gulls on the southern side but did not 
visit them. Breaking my oar just before landing, 
we were delayed by mending it. In the afternoon 
weighed anchor and ran to Niapisca Is. On land- 


ig we separated going in all directions so as to 
cover as much ground as possible. Found some 
gastropods and wandered among the grand pillars 
of the ancient sea-beaches, one group of which on 
the western side were very imposing. This island 
the largest we had yet visited was well wooded 
and less aretic in appearance than the others. I 
saw good-sized firs and birches and many flowers 


identical with Maine species and many that were 
enurely new. Verrill says fully half of them 
were different from Maine species. 


turday, July 6. Shot a seal, dredged and 
rought up many hydroids, a Turritella {snail., 
several dead shells of Aphorrais [snail] and a six- 


! starfish. 
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Monday, July 8... . Weighed anchor at 10 A.M. 
and ran across to West End Light, Anticosti, pass- 
ing a large shoal of seal as we left the harbor. 
These seal feed upon the Lant [sand eel) which 
they find in shallow water. They drive the fish 
before them tumbling them over each other and 
sometimes almost springing out of the water. The 
Captain thought there were 200 in this s« hool. At 
the station they told us that the Indians killed 
thousands during the winter catching them when 
asleep on the ice. 

Reached West Point about 4 o’clock; landed at 
English Head a cliff 60 feet high. At high water 
mark at the foot of the cliff we found numerous 
Orthoceratites {cephalopod|, Murchisonia |snails|, 
and trilobites about 5 feet above a strangely con- 
torted bed made up of water-worn boulders and 
ends of distorted and ragged strata which had for- 
merly edged this ancient shore, Just above and in 
this bed some fine corals were obtained; above the 
corals were Chaetea ‘Chaetetes?—coral| and 9 feet 
above high water mark I obtained one specimen 


of Beatricea. 


An incident later that day showed the dignified 
character of the future Yale professor Verrill al- 


ready in the making. 


We walked very deliberately down to the boat 
notwithstanding the somewhat strange conduct of 
the Captain who shouted to us loudly several 
times, and which we translated as a somewhat 
aggravated attack of black flies. Finally arriving, 
however, we found a much more serious matter, 
the boat had drifted from her moorings and was 
receding. We launched the boat with all speed but 
Verrill as usual was behind struggling along with 
his arms full of corals; Nat in an excited mannet 
exhorted him to run, this he did so frequently that 
Verrill finally lost all patience and declared that 
the vessel might drift to Hell or Mingan before 


he would be so undignified as to run. 


The daily collecting continued. Further typi 


excerpts read as follows: 


Saturday, July 13. Visited the shore at low 
water. Verrill and Shaler collected almost wholly 


in the last bed where the large Orthis predomi- 
nated associated with Orthasina and Laeptena 
brachiopods]. | worked meantime upon the bank 
of a small cove, a hundred yards to the north 
where I found a still different association of fos- 
sils. Encrinite stems, Chaetetes, and two specimens 
of Bryozoa were mixed together in the fragment 
of rocks with a species of Laeptena. A few yards 
farther the latter was associated with a 7 erebratula 
brachiopod), further still with a large species of 
winged shell. We inclined to the opinion that the 
association of fossils throughout the whole was de- 


cidedly Trentonian. 


Sunday, July 14. The bareness of the flats in 
organic life somewhat surprises me; we find noth- 
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ing upon the large shelving rock left bare by the 
tide but Truncata and Arenaria |Mya truncata and 
M. arenaria?) and an occasional crab. The water 
is not very salty but it cannot be called brackish; 
if this explained the reason for the absence of 
Holothuria [sea cucumbers} and star fishes and the 
usual variety of Mollusca on the borders of low 
water a greater variety would have been observed 
at Entry Island and at Heath Point but such was 
not the case. One or two dried specimens in the 
possession of Mr. Julian [lighthouse keeper| were 
all the star fishes that we saw. I am inclined to 
think that it is the first indication of the coming 
in of the Arctic Faunae and a sinking of the tem- 
perate to a lower depth, but this of course is mere 
conjecture and future dredging must determine it. 

Cut up a Phoca [seal] to-day; the beautiful con- 
voluted intestines appear, when the stomach is first 
opened, like the brain; they are of great length 
and small calibre, the stomach is also small and the 
latter part of the intestine exhibits only in an ele- 
mentary manner the beautiful plications and dif- 
ferentiation of parts of the higher mammals. 

July 22. All hands ashore bent upon digging up 
the great Beatricea. After strenuous efforts in which 
the Captain and his pickaxe figured most actively 
although 
of an old crack as we 


getting it out whole 


breaking later at the line 


we succeeded in 


turned it over on the board upon which we were 
carrying it to the boat. 

Wednesday, July 24. Went ashore at the Jump- 
ers. These consist of four low cliffs about 3 miles 
to the eastward of West Point. We collected from 
three beds, the lowest containing principally a 
Pentamerous {brachiopod| and made up of thin 
beds of limestone. The second a bed of blue shale 


easily disintegrated, continuous with that upon 


which the Light House is built. We gathered here 


upwards of five barrels of fossils. Returned on 
shore at high-tide brought them all off and packed 
them away before night. 

Moved Point 
anchoring in the Cove. Went ashore to inquire 
about whale skeletons from the Light Keeper. He 
said that there had been one ashore a few miles to 
the eastward last autumn and that the bones were 
probably still there. 


Thursday, July 25. around the 


Mail could not reach the men while they were 


on Anticosti. A visit to Gaspé brought the young 


naturalists in touch with their families and friends 


and with the national situation. Hyatt wrote under 


date of July 26: 
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Ran up through the magnificent 


scenery of 


Gaspé Bay. Mountain ranges on either side fill in 


their tree-clad sides. The whole 
scene is Scottish and the views open one after the 
other just as in Loch Lomond. . We landed 
about twelve to get our letters and papers, learn- 


ing for the first time the sad news of the battle 


the view with 


of the 21 and 22 of July so disastrous to the orth 
The afternoon was passed in reading our n ind 
calling upon the Collector who treated us t: 

of wine. Walked in the fields and enjoyed 

of wild strawberries. 

Tuesday, July 30. Weighed anchor early 
morning and ran out of the harbor but sur 
by such magnificent scenery that we did m 
it. Beat down the Bay with a head wind an 
too off Little Gaspé. 

Verrill, Shaler, and I rowed ashore and 
Upper Silurian fossils in the limestone oute: 
on the beach, the dip coinciding with the in 
tion of the surface of the range of hills 
northern side of the Bay. In a depression ad} 
about 300 yards wide I found thin beds of brow 
and grey limestones, dipping at about same ang 
as the limestone but containing impressions of what 
appeared to be Triassic fossils. 

Thursday, August 1. Weighed anchor about 
o'clock and sailed down the shore as far as Salt 
Lake. Landed after dinner, Verrill, Shaler, and | 
walking an Anticosti mile to the remains of th 
whale that had been told us was at Corbet. Found 
them but very much scattered by either the ele- 
ments or the bears. Concluded that the bones wer 
unmanageable for our force. A large pile of half 
dried, half rotten blubber and flesh still remained 
although this whale had come ashore last autumi 
and been exposed for 10 months on the open beach 
The ice and cold probably preserved it from pu- 
trefaction during the long winter. Returned afte: 
supper armed and equipped to meet the bears 
whose tracks we had seen; one of these prints meas- 
ured 6/2 inches and the print of a fore foot 
that. 

Monday, August 5. Saw Mr. Pope making signals 
from the shore, rowed to him and obtained a lat 
further details of the Battle of Bull 
‘Later, two of these young men 


paper with 
Run. served the 
Union Army. Hyatt became a captain in the 47th 
Massachusetts Regiment, and Shaler became a cap- 
tain in the 5th Kentucky Battery. 

Wednesday, August 7. 
ashore, the latter returning about noon with a seal 


Captain and Treat went 


and two loons. The Captain made his appearanc 
at five with seven black ducks. Made notes upon 
various birds and plants and packed away the seal 
Shaler remarked in conversation that the hollow 
cheek of the American was an approximatior 
the type of the North American Indian, a faunal 
characteristic. [In 1905 Shaler published his popu 
lar book Man and the Earth in which he attempted 
to forecast the future from a study of the past 
Sunday, August 11. Our next landing by a w 
fall 2 miles farther to the west, gave us an outc: 
ping about 15 feet high; the lower beds conta 
numerous small Brachiopods and Cyathoph 
coral). Just above occurred a bed of Crinoid st 
and above this a bed almost exclusively of Bra: 
pods. 
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sday, August 14. Weighed anchor at 4 
unning up to Junction. Landed on the reef 
s east of West Point Light where we found 
number of Beatricea containing siphonal 
the chambers of the specimens and a dark 
olored bituminous matter about the consist- 
wax which we supposed to be the residual 
nal matter left from the tissues of the cephal- 
ic] which once inhabited these chambers. 
rsday, August 15. Made a large collection 
s containing very fine specimens of the open 
of Brachiopods. . . . Weighed anchor for 
Gaspé on our way home. Felt regret in leaving 
Anticosti. Saw Gaspé Light about 10 o’clock (we 
started at seven) full 30 miles ahead. Captain 
supposed at first that it must have been a ship’s 
light so improbable did it seem that the light could 


be seen so far away. 


lhus ended the first expedition of these three 
young naturalists. ‘Twenty years later, in the sum- 
mer of 1881 and again in 1885, Hyatt returned 
to these waters with his own private vessel, the 
Arethusa, and continued his research on the fossils 
ind animal life of this region, accompanied by 
come of his scientific friends and students (8 

The initial expedition did not lead to any exten- 
ive publications. Shaler (9) published a brief com- 
munication which had been given orally at a meet- 
ng of the Boston Society: of Natural History. This 
was largely an abstract of conclusions based on his 
study of the brachiopods. His principal conclusion 
vas in contradiction to the interpretation of Rich- 
ardson that “these beds afford a passage from the 
Lower to the Upper Silurian.” Shaler believed 
that the beds were entirely Upper Silurian. He also 
oncluded that the fauna of Anticosti was unique 
and more closely related to that of northern Eu- 
rope than to the well-known New York basin. 
Shaler then published his list of Brachiopoda from 
Anticosti (70), and Hyatt published his analysis of 


Beatricea (6). Apparently, nothing was announced 
in regard to the original purpose of testing the 
anti-Darwinian teachings of Agassiz. Nevertheless, 
this field experience certainly instilled the belief of 
organic evolution into the thinking of these three 
young men. Hyatt, especially, was attracted to the 
theory and centered his lifelong research about 
evolutionary studies. In time, he developed his 
“law of embryonic acceleration.”” Among his publi- 
cations are such studies as “Genetic relations of 
Stephanoceras” (11), “The evolution of the Ceph- 
alopoda” (/2), and “Genesis of the Arietidae” 
13). The ideas of Cuvier, championed by Agassiz, 
were not adopted by the next generation of stu- 
dents. The expedition of Anticosti undoubtedly 


had its influence in shaping the future life and 
researches of these three young naturalists. 


References and Notes 


1. This article is based on the diary of Alpheus Hyatt. 
Grateful acknowledgment is made to Mrs. Harriet 
Hyatt Mayor, daughter of Alpheus Hyatt, for her en- 
couragement and assistance in making this study and 
for permission to quote extensively and to use two illus- 
trations from her father’s diary. Thanks are also due to 
Prof. A. Hyatt Verrill for the loan of a photograph 
of his father, A. E. Verrill. 
2. R. W. Dexter, Sci. Monthly 74, 112 (1952 
3. J. Richardson, Geol. Survey of Can. “Report of Prog- 
ress 1853-56,” pp. 191-245 (1857). 
+. E. Billings, ibid. pp. 247-345 (1857). 
5. W. H. Twenhofel, Can. Dept. Mines and Tech. Sur- 
veys, Geol. Survey Mem. 154 (1927). 
6. A. Hyatt, Am. J. Sci. and Arts (2nd series) 39, 261 
1865). 
7. N. S. Shaler, Am. Naturalist. 11, 628 (1877 
8. J. B. Burbank and R. W. Dexter, Excerpts from A\l- 
pheus Hyatt’s log of the Arethusa with an introduction 
by Mrs. Harriet Hyatt Mayor (Essex Institute His- 
torical Collections), in press. 
9. N. S. Shaler, Proc. Bost. Soc. Nat. Hist. 8, 285 
1862). 
10. N. S. Shaler, Bull. Mus. Comp. Zool. 1, 61 (1865). 
ie. Hyatt, Proc. Boston Soc Nat. Hist. 18, -60 
1870). 
2. A. Hyatt, Science 3, 122, 145 (1884 
A. Hyatt, Mus. Comp. Zool. Memoir 16 (1889 


SPW 


Personal misery, buried hopes, impending disaster, and distrust of the prudence and 
honesty of the worldly rulers are apt to make men crave for even a vague hope, whether 
rigorously provable or not, that the “world” or “life” of experience be imbedded in a 
context of higher, if as yet inscrutable, significance. But there is the wall, separating the 
“two paths,” that of the heart and that of pure reason. We look back along the wall: 
could we not pull it down, has it always been there? As we scan its windings over hills 
and vales back into history we behold a land far, far away at a space of over two 
thousand years back, where the wall flattens and disappears and the path is not yet split, 
but was only one. Some of us deem it worth while to walk back and see what can be 


learnt from the alluring primeval unity. 
(Cambridge Univ. Press, 1954), p. 11. 


Erwin Schr6dinger, Nature and the Greeks 
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SCIENCE ON THE MARCH 
SCIENTIFIC RESEARCH IN ANTARCTICA 


Work of the Falkland Islands Dependencies Survey 


HE sector of the Antarctic Continent and 

the off-lying islands to the south of South 

America and extending to the South Pole is 
known as the Falkland Islands Dependencies. 

Since the early part of the last century, numerous 
expeditions have visited the area, the majority of 
them being from Britain; and, in 1944, a number 
of permanent research bases were established by 
Britain’s Falkland Islands Dependencies Survey. 
The work includes topographic and geologic sur- 
veys, meteorology, biology, and, more recently, geo- 
physical studies. 

The land is inhospitable and is largely covered by 
ice and snow, yet great mountain ranges provide a 
varied scene and a challenge to those who carry on 
modern scientific exploration. 

The Antarctic Continent has an area of 6 million 
square miles, equivalent to the combined areas of 
both Europe and the United States of America, but 
it remains the least-known land in the world. Only 
the general form of its coast is mapped, and only a 
small part of the great interior has been either trod- 
den or seen from the air. Today, physicists, meteor- 
ologists, and geologists are building a world-wide 
network of observations that will enable them to 
solve many scientific problems. For this purpose, 
continuous observations are necessary over many 
years, but in such a desolate and unpopulated re- 
gion, they are difficult to obtain. 

In 1954, the Falkland Islands Dependencies Sur- 
vey entered its 10th consecutive year of work, and 
these long-term observations will continue. In this 
way, the United Kingdom is at the same time inves- 
tigating the potentialities of its antarctic territory 
and contributing to the scientific knowledge of the 
world as a whole. 

Already there has been published a series of col- 
ored maps, and these are added to and amended as 
exploration continues. Hydrographic results go to 
the Admiralty Hydrographic Office in Britain, 
while meteorologic observations are published an- 
nually in the Falkland Islands. Other results are 
published for the United Kingdom Government in 
a series of scientific reports. 

In the field, both surveyors and geologists must 
travel, and combined parties are often formed. This 
is particularly necessary when new territory is being 
explored, for the geologists need maps on which to 
plot their work. I well remember a journey of more 
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than 1000 mi when the geologists travele: 
the range of the survey party. Then we 
additional labor of making our own maj 
geology, a task that greatly reduced the 
work and travel. 


b VO! 1 
had the 
lor the 


peed ; 


On such journeys when, in the summer, the ; 
is present day and night, every hour can be a wor). 
ing hour, but both dogs and men must eat and rs 
Sometimes pressed for time, we traveled at nich; 
for 8 or 9 hr when the sun was low, to take advyq). 
tage of the harder snow surface, then ate and sey 
for 3 or 4 hr. There followed 5 hr geology in th 
mountains and a further 3 or 4 hr eating and sleep. 
ing before the next night’s travel. 

Indeed, a sledger’s life is a busy one, for, besides 
skiing 20 to 30 miles a day, he will walk many mor 
in the course of his work. In addition, he has ' 
drive his dogs, hunt for seals to feed them, pitd 
and break camp, do his survey or geologic wor! 
label his specimens, write his notes, plot his course 
take seven meteorologic observations in the 24 hy 
and write a general journal. 

For this kind of work, a man must be fit and hav 
the right temperament, the desire to do the wor 
and the specialized training for his particular tas 
Many of the men do not have the fortune to enjo\ 
the long journeys by dog sledge; meteorologists and 
physicists, radio operators and mechanics, all thes 
are confined to the immediate area of their bas 
To many men, this is more difficult than to endur 
the rigors of travel. 

At all antarctic 
3-hourly records by day and night These help | 
provide a picture of day-to-day weather conditio 
in the Southern Ocean and at the same time | 
build a long-term weather record that will aid 1 
the interpretation of world climatic fluctuation: 
The vast refrigerator that is the antarctic ice aj 
influences enormously the air-raass circulation © 
the whole Southern hemisphere. It is, therefore, 0! 
vital importance to the southern continents ©! 
America, Africa, and Australasia that the short an¢ 
long-term operation of this mechanism be fully un- 


bases, meteorologists mak 


derstood. 

Other studies have direct bearing upon tl 
ploitation of the local resources and are 0 
mediate practical value. For instance, recent 
has provided a means for accurately estimati! 
age range of elephant seal stocks; consequ 
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herds can now be farmed efficiently and profit- 
iy without reducing the numbers to the point 
in, as has occurred in the past. ‘The same 
can and will be applied to the fur seal, 
nly now recovering from the depreda- 
ns of sealers in the 19th century. 
To sum up, it may be said that the Falkland 
lands Dependencies Survey is in the nature of a 
rmanent scientific expedition. In the future, the 
id-wide studies of weather, the ionosphere, 
pymagnetism, and other sciences will owe much 


Finally, one may think of future air routes. The 
ntarctic Continent is the hub of the wheel to 
ich point the spokes of South Africa, South 


America, Australia, and New Zealand. ‘Twenty-five 
years ago no one believed in the future of flying in 
the arctic; now airfields are numerous, and even 
civil air-routes pass over its snows. So we may expect 
that flying will come to the Antarctic. An air route 
from the Americas to Australia and New Zealand 
would be a direct link between the expanding popu- 
lations of these continents. Such a route need pass 
over none but lands belonging to countries of the 
Commonwealth, lands explored and mapped by 
expeditions from Britain, Australia, and New Zea- 
land. 

Vivian E. Fucus 
Falkland Islands 
Dependencies Scientific Bureau 
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ASSOCIATION AFFAIRS 


Call for Papers by AAAS Sections 
\t the Berkeley meeting, Dec. 26-31, 1954, the fol- 
wing sections of the Association will have sessions for 
tributed papers. The secretaries to whom titles and 
ief abstracts should be sent, not later than September 


follow: 


\K—Mathematics (cosponsored by American Mathe- 
matical Society) Dr. Rudolph E. Langer, University 
of Wisconsin, Madison. 
—Chemistry Dr. Ed. F. Degering, 12 Grove 5t., 
Natick, Mass. 
—Geology and Geography Dr. Jack B. Graham, Room 
516, 551 Fifth Ave., New York 17. 
—Zoological Sciences (If outside the scope of Society 
Systematic Zoology and Western Society of Natural- 
ists) Dr. Joseph H. Bodine, State University of Iowa, 
lowa City. 
—Botanical Sciences (If outside the scope of Ameri- 
can Society of Plant Physiologists’ Western Section, 
\merican Phytopathological Society’s Pacific Division, 
or Mycological Society of America) Dr. Barry Com- 
moner, Washington University, St. Louis, Mo. 
I—Anthropology Dr. Gabriel Lasker, Wayne Univer- 
sity College of Medicine, 1401 Rivard St., Detroit 7, 
Mich. 
I—Psychology Dr. William D. Neff, Department of 
Psychology, University of Chicago, Chicago 37, Il. 
1—History and Philosophy of Science Dr. Raymond J. 
Seeger, 4507 Wetherill Road, Washington 16, D.C. 


Nd—Dentistry Dr. Russell W. Bunting, School of Den- 


fiet 
i 


University of Michigan, Ann Arbor. 


Np—Pharmacy Dr. Glenn L. Jenkins, Purdue Univer- 


sity, Lafayette, Ind. 
—Acriculture Dr. F. D. Keim, College of Agricul- 
ture, University of Nebraska, Lincoln. 


FO—Education Dr. D. A. Worcester, University of Ne- 


Lincoln. 


Animal Venom Conference—AAAS Sections F and N 
Medical Sciences are cosponsoring a three-day Sym- 
posium on Animal Venoms—all phases of the venoms 
of poisonous reptiles, arthropods, fishes, and other an- 
imals, Titles and abstracts of papers, which can be 
read in absentia if necessary, should be submitted to 
Dr. Nandor Porges, 1301 E. Barringer St., Philadel- 
phia 19, Pa—Raymond L. Taylor, Associate Admin- 
istrative Secretary. 


Theobald Smith Award 


The Theobald Smith Award of $1000 and a bronze 
medal, which has been given yearly since 1937 (except 
for a lapse during the war years) by the Eli Lilly Com- 
pany of Indianapolis, under the auspices of the AAAS, 
will be presented at the Association’s 121st Meeting in 
Berkeley, Dec. 26-3!. 

Nominations for the award are now being requested. 
hey may be made by Fellows of the AAAS and should 
be sent to the secretary of the Section of Medical 
Sciences, Allan D. Bass, Department of Pharmacology, 
Vanderbilt University School of Medicine, Nashville 5. 
enn. Nominations should be accompanied by full in- 
formation concerning the nominee’s personality, train 
ing, and research work. 

The prize is given for “demonstrated research in the 
field of the medical sciences, taking into consideration 
independence of thought and originality.” Any U.S. 
citizen who was less than 35 years of age on Jan. 1, 
1954, is eligible. The research is not to be judged in 
comparison with the work of more mature and experi- 
enced investigators. 

Nominations must be received before Sept. 1. The 
secretary requests that six copies of all data be sub 
mitted. The vice president of Section N and four Fel- 
lows will form the committee of award. 
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BOOK REVIEWS 


the genesis of creative power? The history 
in effect little closer than the history of s 
ultimate origins of what is truly creative, 


Science, Medicine and History. Essays on the evolution 
of scientific thought and medical practice written in 
honour of Charles Singer. E. Ashworth Underwood, 
Ed. Oxford Univ. Press, London—New York, 1954. 
Vol. I, xxxii+563 pp.; Vol. II, viii + 646 pp. Illus. + 
plates. $45 the set. 


MAJORITY of the ninety contributions that con- 

stitute these volumes are somehow concerned with 
the history of medical science. Enumeration alike of the 
most conventional articles presented (biographies, 
studies in single areas or single periods) and of the 
most unusual (a lively history of the potato, the personal 
reminiscences of a wonderful old man who had been a 
wonderful young one) could do scant justice to the 
scope, depth, and variety of the volumes, which cover 
all periods of human history. If their price seems high, 
it need only be calculated that many of the papers are 
well worth more than 50¢ each. Particularly valuable 
are those by E. S. Russell, Max Fisch, Richard Gold- 
schmidt, Humphrey Pledge, and the late Sir D’Arcy 
Thompson. 

The contributions mostly remain, however, what the 
title indicates: they are science, they are medicine, 
they are history. But if they are not yet the history of 
science or the history of medicine, it is less the fault 
of the individual authors than of all of us who have 
dallied overlong at our present way-station in the “evo- 
lution of scientific thought,” as the subtitle has it; or 
better, of historical thought as this treats of science 
today. It is sometimes hard to remember that history 
has only recently distilled itself as a separate discipline 
out of the matrix of theology and philosophy and 
classics from which it emerged. If it is presently spread- 
ing from the study of events toward investigation of 
the development of ideas, there is still room for its 
further expansion into the realm of the origin of sci- 
entific ideas. But when it enters it, there will be re- 
quired movement of the scientist, and the question 
arises, “In what direction?” 

Some guidance may come from these volumes, espe- 
cially from the essay by Sir D’Arcy Thompson who has 
described some cycles in the history of painting. He 
was wise enough to leave inferences undrawn, but by so 
doing he provokes his readers the more effectively to 
speculation concerning the relationships of the history 
of art and the history of science to each other and to 
history in the wider sense. 

The history of science, not only at its most limited, 
when it is mere history or mere science, but even at its 
best, when flowing from the minds of a few masters like 
Sir D’Arcy himself, can do one thing well. It can trace 
the transference of ideas to other ideas. What it cannot 
yet fathom is the source of the originality of new ideas 
that have developed independently of the old. But is this 
not a defeat that the history of science shares with the 
history of art, which is similarly frustrate with respect to 
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nonetheless’ contributed to history, and the 
which it has done so is demonstrable. 


What history studies is change. What ch: 
is style. What is expressible in art has a 
variability, in that its source remains the 
within the artist, as it is only truistic to emp! 
What varies in art is sometimes the intent for jt 
pression, as when art becomes secularized; b 
has developed most diversely has been the 


its expression, which is what the history of art 


plates. Esthetics has made it its business to theoriz 


cerning the relationships between the expressibl 


the manner of its expression, but the latter can b 


} 


with separately and in its own right. History of art 
so treating it, has contributed not only to an 
standing of art but also to an interpretation of | 
As an example, when Schlegel postulated an op; 
tion between the classical and the romantic, | 
only defined two styles of art, but he revealed an anj 
thesis that has proved useful in elucidating mod 
thought in other fields, such as the scientific, wh 


remote from the esthetic. 


While many constants are common to art and s 
—not the least the perceptivity that illumes th 
creative in either field—science has more variables thar 
art. Science, like art, alters its manner of express 
for instance when it changes from qualitative to q 
tative. But it grows less from within and, hence, is 1 


sensitive and more responsive to changes in other 
of thought and action. Its study may therefore prove les 


instructive than that of art in probing to the dep 


the creative process; but having more variables | 


art that vary with history, its investigation may 
more useful than that of art in contributing to g 
interpretations of history. 


Yet for science, no such clear-cut distinctions 
been drawn as for art between the expressed and t 


expression. Those who struggle continuously to 4 


| 


science come to no agreement as to the delimitation 


between content and method. Are these variables a 


to the expressed and the expression in art? How 
they differ from them? If their change is to be relattt 
to general history for the benefit of both scienct 


history, the historian of science must first recog 


them and identify them for what they are. | 


hat 


attempting to do so, he takes an example from 


historian of art, who by circumscribing style as 


able has developed a modus operandi, is a possi! 


least worthy of consideration. Singer’s Festsch 
fies itself if it but fires him to try. 


JANE OppeENtEIMi 


Department of Biology 


Bryn Mawr College 
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Chemistry. ed. 4. For students of biology 
ine. David Ingersoll Hitchcock. Little, 
ston, 1953. 266 pp. $5. 





mrowh, 
HE appearance of the fourth edition of this text- 
book of physical chemistry for medical students 
)f its continued popularity. Essentially it is 


evident 

introductory outline of the application of certain 
vsico-chemical laws to equilibria occurring in aque- 
< solution and, to a lesser extent, in colloidal systems 
physio! sical interest. The text is non-mathematical, 
atively simple and very readable. Within the limits 
the subject matter, and at the intellectual level 


ich the author has selected, it is eminently successful. 
[his book contains practically no statement of the 
sic principles of thermodynamics or reaction kinetics. 
follows that a logical development of the laws of 
hysical chemistry is impossible. Apparently, little at- 
mpt has been made to demonstrate the logical meth- 
Hs of theoretical chemistry. A reasonable diligent stu- 
ent, with a good memory but no other intellectual 
ility, should be able to make an excellent record in 
course based upon this text. 
It must be admitted that premedical students do not 
ve the time or opportunity to develop the mathe- 
patical skill which is necessary for an understanding of 
formal introduction to physical chemistry. It is, also, 
robably true that such an approach to the subject 
ld not be desirable for them, even if it were pos- 
ble. However, premedical students are, or ought to be, 
select and superior group of the university under- 
raduate population. As such, they should be capable 
f understanding a rigorous, closely reasoned, although 
on-mathematical, development. In view of the fact 
at so much of their other training is largely memory 
rk, it seems unfortunate, to me, that the essentially 
asonable and consistent subject of physical chemistry 
presented with so little emphasis upon its orderly, 
gical development. 

Rosert LiviINGSTON 
} Museum Road 
\xford, England 


‘lanning Guide for Radiological Installations, Com- 
mittee on Planning Radiological Installations of the 
\merican College of Radiology, Dr. Wendell G. 
Scott, Chairman. Year Book Publishers, Chicago, 
1953. xii+ 336 pp. $8. 


HIS book fills a gap in radiological literature, 
which too long has been neglected. General in- 
formation, as well as a considerable amount of de- 
tailed data, applicable to any radiological installation, 
regardless of its size, is well covered. The twenty-two 
hapters, by experts in their fields, cover all the essen- 
tials to consider in the development of specific plans. 
Planning is based on four main factors: 

Patient traffic: which considers accessibility of 

this department, volume, and the convenience, privacy, 


pt cetera, of the patients in radiographic and_thera- 
ppeutic divisions. 
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(2) Film flow through the radiographic department: 
from storage through processing, sorting, interpreta- 
tion, to filing. 

(3) Technician traffic: based on maximum efficiency 
and a minimum of fatigue. 

(4) The most efficient traffic patterns for radiologi- 
cal staff activities. 

Guidance in the estimation of these factors for hos- 
pital departments of variable sizes, and for office prac- 
tice planning, is supplied with some helpful diagrams. 
The radiologist, architect, and hospital administration 
should form a team for careful integration of all fac- 
tors to be considered in the formulation of plans. 

Advice on arrangement of equipment in rooms, elec- 
tric wiring, location of dressing rooms, lavatories, pro- 
tection in technician’s control booths, and the walls, 
ceilings, and floors of radiographic, fluoroscopic, and 
x-ray therapy rooms. Many other details, such as light- 
ing fixtures and type of floor coverings, are offered 
Individual chapters deal with the planning of the 
radioactive isotopes division and radium storage and 
handling. Other chapters deal with film viewing and 
interpretation rooms, filing space, ventilation and air 
conditioning, film processing and sorting, radiological 
equipment for operating rooms, mobile x-ray equip- 
ment, photo-fluorographic survey equipment, and radio- 
graphic rooms for special types of examination. 

Three appendices are devoted to: medical x-ray pro- 
tection up to 2 million volts; x-ray protection design: 
protection against radiation from radium, cobalt 60, 
cezium 137, (encapsulated sources). 

It is convenient for radiologists, particularly, to have 
all this information available in a single volume, but 
doctors in other fields, as well as scientists working in 
radiological fields, will find it useful. Everyone con- 
nected with this publication is to be complimented for 
the good job produced in this book, 

Herpert C. Francis 
School of Medicine 
Vanderbilt University 


Biochemistry and Physiology of Nutrition. Geoffrey H. 
Bourne and George W. Kidder, Eds. Academic Press, 
New York, 1953. Vol. I, xiii+569 pp., $13; Vol. IT, 
xi+ 641 pp., $15. 


HE rapid advances in the field of nutrition and 

the very large number of papers appearing year 
by year in the allied and interrelated sciences of bio- 
chemistry, physiology, and nutrition present an almost 
insurmountable obstacle with reference to keeping pace 
with the vast body of current literature. To solve this 
difficulty, reviews and monographs and even books 
covering a larger area of knowledge have come into 
being. Among such books are two volumes entitled 
Biochemistry and Physiology of Nutrition. These vol- 
umes present the result of the last one hundred years 
of the development of the subject. The last portion 
of this century proved most fruitful in new discoveries 
and new concepts in the field of nutrition. 
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The two volumes garner the facts and put together 
the most salient segments of the vast amount of re- 
search in the field embracing the biochemistry and 
physiology of nutrition. Each volume is divided into 
chapters. Each chapter covers a special topic by an 
expert. To get an idea of the coverage of the field it 
is desirable to enumerate the topics treated in the 
eleven chapters of Volume I and the twelve chapters 
of Volume II. 

Volume I deals with these topics: (1) the early 
development of the science of nutrition; (2) the history 
of vitamins; (3) water and electrolyte metabolism; 
(4) carbohydrate metabolism; (5) amino acids; (6) 
the biosynthesis of proteins; (7) lipid metabolism; 
(8) the fat soluable vitamins; (9) the B vitamin com- 
plex; (10) vitamins and hematopoiesis; (11) vitamin C. 

The second volume includes the following topics: 
(1) the intracellular location by histochemical methods 
of enzymes and vitamins; (2) structural changes in 
vitamin deficiency; (3) microbiology of digestion; (4) 
invertebrate animals; (5 
function; (6) hydrolytic and 
the respiratory enzymes; (8) 


the nutrition of energetics 


and metabolic phos- 
phorolytic enzymes; (7) 
coenzymes; (9) iron metabolism; (10) calcium and 
phosphorus metabolism; (11) trace elements; (12) ap- 
plication to human nutrition. 

The two volumes represent an Anglo-American co- 
operative effort. The contributors are American, Eng- 
lish, Scotch, and Australian specialists in their fields. 
The editors, Dr. Geoffrey A. Bourne, an Englishman, 
and Dr. George W. Kidder, an American, are to be 
congratulated on the choice of subject matter and on 
the choice of contributors. The result of their work is 
two volumes which in reality constitute a miniature en- 
cyclopedia on the biochemistry and physiology of nutri- 
tion. No investigator or teacher in the field of the bio- 
logic sciences can well afford to be without these books, 
for they supply ready and up-to-date facts and theories 
clearly and concisely and in very readable style. 


Victor E. Levini 
Department of Biological Chemistry and Nutrition 
Creighton University School of Medicine 


Omaha, Nebraska 


Culture and Diseases of Game Fishes. H. S. Davis. 


“balanced” discussion of the controversial n 
method of testing of “balance” in fish 
Much of the material on trout has been 
incorporate the results of rather extensi 
research on disease control and trout nutriti: 
the illustrations are new and superior to t! 
earlier bulletins. 

The new book is so written that it may 
manual in fish hatcheries, as an introduct 
propagation, or as a reference book for fis! 
gists. The language is not technical and the st 
very readable. A seventeen-page bibliography 
adequate opportunity for further study. To th 
pendices are delegated such details as the construc 
of a drip incubator, of a siphon egg picker, and 4 
circular pools, and the methods for counting smal 
for culturing Daphnia, and for treating fish to cony 
external parasites. 

In 1936 the American 
tention to the lack of a textbook in fish cultur 
Elmer Higgins commented that there simply was n 


Fisheries Society called 


capable of writing such a book (Trans. Am. Fis} 
66, p. 299). Fish hatcheries have greatly expanded 
work in the intervening years and there has bi 
increased emphasis on raising fish to larger sizes befor 
stocking. As chief of aquicultural investigations oj t} 
U.S. Fish and Wildlife Service, H. S. Davis was « 
connected with much of the research that contri! 
to the increased production. His new book is also | 
upon his long experience and research in both \ 
water and trout hatcheries. 

Fish 
that Dr. Davis had the opportunity to prepare this « 
prehensive text. It might have been a long time bi 
someone else as well qualified could have attempted 


culturists and biologists are indeed fortw 


such a project. 


KENNETH ID. CARLANDER 


Department of Zoology 
Iowa State Coll L¢ 


Voices of the Night. The calls of 34 frogs and toads 
of the United States and Canada (331 rpm). P 
Peter Kellogg and Arthur A. Allen. Ithaca, N. } 


Cornell Univ. Records, 1953. $6.75. 


HE availability of efficient and portable sound 


recording apparatus is now having an_ increasilg 
impact on a whole range of biological studies, mort 
especially at the level of natural history, and in system 


rate 


Univ. of California Press, Berkeley and Los Angeles, 
1953. x + 332 pp. Illus. $5.00. 


FISHES is based _ tic zoology, in species discrimination, and in the accu 


ULTURE AND DISEASES OF GAME 

upon an expansion and revision of H. S. Davis’ 
Care and Diseases of Trout which went through several 
editions and revisions (1929, 1934, 1937 and 1946). 
New chapters describe the propagation of salmon, gray- 
ling, pikeperch, pike, muskellunge, channel catfish, min- 
nows, and pond fishes. As might be expected, the sec- 
tion on diseases and parasites deals primarily with those 
found in hatcheries. Only a few of the parasites of 
wild fish are mentioned. The short chapter on the farm 


fish pond includes what to me seems to be an unusually 


study of variation in the voices of birds and frogs. 1h 
possibility of making diagrams of the voices that cal 


be printed and thus visually compared affords a reine: 


ment of the technic of study of the records, an example 
of which is afforded by the study of variation in the 
voice of the alder flycatcher by Kellogg and 
Wilson Bull. 63, 75 (1953), 2 figs.]. 
The importance of the voices of frogs and toa 
the discrimination of their species is now suffi 
well known. I suspect that it is somewhat easier 
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TU TOW sey records of frog voices than of bird voices, 
iv hope that this activity may spread to the 
ituralists, among whom the more able and 
he more seriously inclined would assuredly find it re- 
arding. |! he whole extraordinarily rich and varied frog 
e tropics awaits voice recording. The Panama 
ices the frogs and birds and mammals in the 
“sllovg-Allen record Jungle Sounds afford a preaudi- 
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ote : jon of the range and variety of animal sounds to be 
in at eard in the tropics. It might - well to add that the 
raphy gin our larger West Indian islands, Puerto Rico, Hispaniola, 
To hy uba, and Jamaica, that lie at our North American 

ME orstep, would be a most favorable theatre for further 


ice recordings. 

[he new album of frog voices improves and amplifies 
he recording in an earlier album of four records with the 
kame title. The voices added are those of the pine woods 
the giant tree frog, the narrow-mouthed toad, 





cer, and q 
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+ ina , the Bahaman tree frog, the Hudson Bay toad, the West- 
lineal n toad, the gopher frog, and the southern bull frog. 
Fish, §,.Eemons these, the voices of the giant tree frog (Hyla 
nded ta pte ntrionalis ) and the Bahaman tree frog Eleuthero- 
5 Tats d dactylus ricordi ) are those of Cuban species now na- 
zes befor turalized in Florida. Phe voice of Microhyla carolinen- 
wie’ of 4 , representative of a remarkable family of frogs, the 
ran ch “ll \ficrohylidae, is almost predictably distinctive. . 
witetbota rhe Albert R. Brand Bird Song Foundation has again 
‘ho bs a arned the thanks of a wide public that ranges from the 
sth wormfg most critical of scientists to the most uncritical of nature 
‘Bg lovers. We now urgently need from them a second sup- 
fortunaié plementary series of records for the quite distinctive 
this voices of the frogs and toads of western North America. 
1e before Kar P,. ScHMID1 
tempted Chicago Natural History Museum 
Chicago, Illinois 
RLANDER 
Westward Ho with the Albatross. Hans Petterson. Dut- 
ton, New York, 1953. 218 pp. Illus. + plates. $4. 
URING recent years, our awareness of the chal- 
oads lenge confronting us from those great unex- 
: Pi plored frontiers, the oceanic deeps, has been heightened 
N.Y BB by such popular works as Carson’s The Sea Around U's 
ind Cousteau’s The Silent World. Professor Hans Pet- 
ond gp (ctson, in his narrative of the Swedish Deep-Sea Expedi- 
hoe tion of 1947, tells of his acceptance of this challenge, 
me: and the technics by which he and his distinguished fel- 
stems MOY Scientists have succeeded in the most extensive ex- 
vei ploration to date of the mysterious submarine aby sses 
s. The This book is most absorbing when it describes the 
ad expedition’s difficult and ingenious methods for obtain- 
ilhes ee bo-foot sedimentation cores, far longer than any 
ample colle ted previously from the ocean floor, and how the 
a prea hidden mountains and canyons were mapped. It 
Stein : at the same time, a scholarly presentation of a newly 
developing science which embraces the fields of ocean- 






ography, marine biology, geology, and geophysics. One 
is therefore slightly disappointed that the author has 
interjected some irrelevant chapters on routine descrip- 
tions of ports of call and shore incidents that we feel 
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we have read before in accounts of non-scientific small 
boat voyages. The book could well have devoted more 
space to the fascinating work of the expedition, and 
the resultant conclusions that can contribute so much 
to the solution of some of the great mysteries in the 
early history of the earth. We can hope to see more 
research devoted in future years to the new science that 
Professor Petterson has so effectively pioneered. 

A surprising omission is to be noted. In no place are 
given any of the statistics that are so vital to the arm- 
chair voyager—the length, beam, draft, and tonnage of 
the Albatross. A brief appendix, giving this type of in- 
formation and some notes on the rig, would be very 
welcome. 

DENNIS PULESTON 
Brookhaven National Laboratory 
Upton, Long Island, New York 


Evolution: Die Geschichte ihrer Probleme und Erkennt- 
nisse. Walter Zimmermann. Karl Alber, Freiburg- 
Miinchen, Germany, 1953. ix + 623 pp. Illus. + plates. 
DM 32. 


HE modern theory of evolution is nearly unique, 

as a scientific theory. It is, what J. S. Huxley has 
called a “synthesis,” to which many fields and many 
antagonistic theories have contributed. If I were to 
write a history of this field, I would try to show how 
growing maturity in the contributing fields eventually 
permitted this synthesis. After an introductory chapter 
devoted to the period before Darwin, I would try to 
demonstrate how the pubiication of the Origin of 
Species stimulated an unprecedented amount of fact 
searching and theory building in biology. The workers 
in each branch, such as comparative anatomy, em- 
bryology, paleontology, systematics, plant breeding, 
cytology, and genetics developed their own body of 
facts and their own theories, determined by their ma- 
terial and by the conceptual framework of their respec- 
tive branch of biology. At first many of these theories 
were diametrically opposed to each other. Yet, eventu- 
ally the contributions from each of these fields helped 
to modify the concepts of the adjacent fields and to 
accelerate progress within the field. It was_ finally 
shown that nearly every theory was partly right, partly 
wrong, and, by discarding the “wrong” parts, it became 
possible to synthesize the theory that is now almost 
universally held among evolutionists. 

This book is not such a history of the “Modern Syn- 
thesis,” rather its emphasis is on the period “from the 
Greeks to Darwin,” which covers 450 of the 550 pages 
of text. For this period the author does a fine job, and 
adds much to our knowledge and understanding of the 
early phases of the history of evolutionary theory. 
Special emphasis is placed on the history of the de- 
velopment of the philosophical concepts of evolution. 
What makes this treatment particularly valuable are 
copious excerpts from the original writings of all the 
cited authors. They permit an understanding of the 
growth of evolutionary concepts as does no other vol- 
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ume known to me. These lengthy excerpts are tied to- 
gether by a running commentary which emphasizes 
the connections (or disagreements) of the authors with 
each other. Zimmerman, the author of several previous 
contributions to the conceptual analysis of the field of 
evolution, is particularly well qualified for this task. 

The writings of German authors, like Leibniz, Goethe, 
and Kant are treated most exhaustively, and only a few 
names are altogether omitted that should have been 
named. Maupertuis is one of them. There are two 
major criticisms of this otherwise very useful volume. 
One is that evolution is too often treated as if it were 
the same as phylogeny. As a consequence, the treatment 
of many other problems of evolution such as that of 
the multiplication of species, is slighted. The second 
is the stated neglect of the period most interesting 
to the current student, namely the period 1880-1940, 
Valuable then as 
available a 


which led to the modern synthesis. 
Zimmermann’s book is in making 
fascinating account of the early phases of the study of 
evolution, it still leaves room for a volume giving a 
more balanced account of the whole history. 
ERNS1 


most 


Mayr 
Museum of Comparative Zoology 
Harvard University 


Life of the Past: An Introduction to Paleontology. 
George Gaylord Simpson. Yale Univ. Press, New 
Haven, Conn., 1953. xii+ 198 pp. Illus. $4.00. 


N writing this book, the author set himself the goal 

of producing “a nontechnical discussion of the 
whole scope and significance of paleontology as a sci- 
ence concerned with the principles and interpretation 
of the history of life and not only with the identifica- 
tion of objects called fossils.” That he has succeeded 
admirably is not surprising, for Dr. Simpson is one of 
the most literate as well as one of the most gifted and 
able of living paleontologists. This little book should 
have a wide appeal, for it is well adapted to both the 
general educated reader and to the beginning student 
in the biological and earth sciences. 

The amount of information contained in this rela- 
tively slender volume is little short of amazing. ‘To note 
that the nature of rocks and of fossils, the major groups 
of organisms and their distribution in time, paleonto- 
logical ecology and geography, ways of organic change 
and theories of evolution are dealt with is to give but 
an incomplete idea of its scope. Dr. Simpson is never 
dogmatic. Although he emphasizes those interpreta- 
tions that have gained the most general acceptance, he 
does not ignore less orthodox concepts. In this respect 
his historical approach to many subjects is particularly 
valuable, for it supplies the reader with at least a 
glimpse of the gradual development of paleontology 
and evolutionary theory. In my opinion, this sort of 
approach is most important, for too many present-day 
students possess too little knowledge of the history of 
their own fields and hence a myopic and crippling point 
of view. 


It would be difficult to attempt to gra 
dividual chapters, for all of them are excell; 
only a dullard could fail to be stimulated | 
count of the history of life. Dr. Simpson set ¢ 
a popular yet authoritative account of paleont 
is “comprehensive but not condescending, 
been eminently successful on both scores, 

An appendix briefly describes the main cha 
of each of the major forms of life and thei: 
distribution. There is also a list of “Suge 
Further Reading.” The illustrations, line sk 
of which were executed by the author, are la: 
quate and many of them possess that charn 
to primitive art. One would wish, howeve: 
inclusion of at least some more detailed dra 
even some photographs in a book of this sort 
best, this is a minor matter that does not 
detract from this delightful, readable, and aut! 
work. 

WituaM L. Srraus, | 
Laboratory of Physical Anthropology 
The Johns Hopkins University 


Soil and Fertilizer Phosphorus in Crop Nutrition. \ 
Pierre and A. G. Norman, Eds. Academic Press, 
York, 1953. xvi+492 pp. $9. 


HIS book is Volume IV of a series of monog: 

published by the American Society of Agror 
It is a collection of papers presented at a sympo 
held in August, 1952 at the University of Illinois, und 
the joint sponsorship of the American Society of Agr 
omy, the Soil Science Society of America, and the N: 
tional Soil and Fertilizer Research Committee. 1 
volume presents a critical summary of the best ki 
edge extant at the present time in the field of phi 
phorus in crop nutrition and the fate of fert 


phosphorus when applied to the soil, and it is well 


mented. 

Twenty-nine research workers prominent in this fir 
contributed to this volume. They were selected from t! 
staffs of the U.S. Department of Agriculture, the ag 
cultural experiment stations of several states, the | 
Geological Survey, the Tennessee Valley Authority, a! 
other institutions both here and abroad. 

The published literature in the field of soil and fer 
tilizer phosphorus is so extensive that hardly any o1 
investigator would undertake to coordinate it in its en 
tirety. Great advances have been made in all phases 0! 
the subject during the past twenty-five years. From 19 
to 1950 over four hundred major articles in thi 
were published from research laboratories in the | 
States alone. Radioactive tracer technics in recent years 
have yielded much new information concerning th 
fate of phosphate fertilizers applied to the soil. 

The first two of the fifteen chapters deal with 
phorus in the nutrition of crops, the next four wit 
reactions in the soil and the analytical meth: 
determining plant-available phosphorus. The fol! 
four chapters cover the field use of phosphate 
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ters eleven and twelve deal with the phos- 

















he ’ ( 
Indeed A te irces of the United States, and the final three 
this ac. me phosphate consumption in crop production 
to wrj » Ou! , country and the rest of the world. 
Sy tha hi it ‘sentation of subject matter, the book adopts 
He has st cientific point of view. Although it will per- 
ps ad with greatest profit by readers with exten- 
terist ve | round in the natural sciences and particularly 
logic the research workers in soil and plant science, much 
ms for HE of yrmation dealing with phosphate in relation 
hes a soil management practices will be intelligible to the 
ly ade. HM layn This book is excellently edited and strikingly 
eculiar ree from typographical errors. It is presented in suffi- 
or the ‘ent detail to indicate to the investigator the gaps in 
gs ur knowledge where further research is needed. 
dut, [he American Society of Agronomy, the editors, and 
riou the individual authors are to be commended upon the 
itative publication of this scholarly and authoritative volume 


| a subject of primary importance to all interested 
the production of agricultural crops. 
T. F. BuEHRER 
College of Agriculture and 
Acricultural Experiment Station 
lniversity of Arizona 






tion and Watershed Management. Edward A. 
Colman. The Ronald Press, New York, 1953. ix + 
pp. $7.00. 
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BOUT eighty years ago the American Association 
for the Advancement of Science memorialized 
gress and the State Legislatures on legislation to 
rotect the Nation’s forests. A few years later Congress 
ippropriated $2000 for forestry investigations, includ- 
ng the watershed aspects. Dr. Franklin B. Hough, an 
\AAS member, was selected to conduct the studies. 
During the ensuing years, however, the needs for 
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systematic observations, experiments, and thinking on 





the influences of forests on waterflow were largely neg- 
ected. Although some scientific inquiry—notably the 
\6-year Wagon Wheel Gap Experiment on the head- 
waters of the Rio Grande in Colorado—was_ under- 
taken, organized research on a national scale did not 
yet under way until the early thirties. Since then a 
corps of scientists, less interested in argument or propa- 
ganda than in discovering basic principles and develop- 
ing and testing theories, have quietly been expanding 
our knowledge of the role of forests and other lands 
in the control of floods and sedimentation and the con- 













servation of water. 

[he recent national emphasis upon balanced flood 
control programs and the intensified search for new ot 
more useful supplies have stimulated interest in the 
possibilities of improving waterflow through scientific 
land management. This interest has increased as the 
eff of timber harvesting, cropping, grazing, mining, 
r and so forth upon the soil and water regime have 









al d concern, and sometimes consternation. 
help bring together the available facts, and par- 
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th ly to get at the bottom of the heated charges, 
rcharges, sweeping generalizations, and misinter- 
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pretations which have long characterized discussions in 
this field, the Conservation Foundation, a private or- 
ganization dedicated to disseminating objective infor- 
mation on renewable resources, engaged an outstanding 
scientist to make a comprehensive and critical survey. 
Vegetation and Watershed Management is the result. 
Drawing on the basic and applied research in several 
natural sciences, the author presents his findings in 
clearcut style. He leads the reader step by step through 
the problems of water control, the physical principles 
governing the interrelations of plants, soil, and water, 
and the opportunities and limitations of land manage- 
ment and supplemental engineering works in the dif- 
ferent vegetation regions. A generous sprinkling of 
maps, sketches, and photographs greatly enlivens the 
tone of the book. Frequent citations of case histories 
facilitate its understanding by the lay reader. 

Dr. Colman’s analyses should dispel many false no 
tions concerning the nature and causes of our water 
problems and the extent to which the improvement 
and care of forest, grass, and cultivated lands can al- 
leviate them. Altogether, Vegetation and Watershed 
Management represents a timely and authoritative con- 
tribution to our knowledge of the water cycle and the 
influences of land conditions and human activity upon 
its operation, 

BERNARD FRANK 
Forest Servic 
Washineton, D. C 


Wild Flowers of America. Based on paintings by Mary 
Vaux Walcott as published by the Smithsonian Insti- 
tution of Washington, with additional paintings by 
Dorothy Falcon Platt. H. W. Rickett, Ed. Crown, 
New York, 1953. 71 pp. +400 color plates. $10 

Wild Flowers of Western Pennsylvania and the Upper 
Ohio Basin, Vols. I and II. Text by O. E. Jennings, 
watercolors by Andrey Avinoff. Pittsburgh: Univ. 
Pittsburgh Press, 1953. Vol. I, text, Ixxv+575 pp. 
-150 maps. Vol. II, xvi + 200 color plates + explana- 


tions. $60.00 the set. 


N producing an illustrated scientific work for the 

reading (or at least for the book buying) public 
there is a three-cornered problem. There is the scien- 
tist, the artist, and the reader; only when all three of 
these know and understand each other is a generally 
satisfactory solution possible. Even then the book must 
await a publisher ingenious enough or wealthy enough 
to produce it at a reasonable price. The big Renais 
sance herbal of Fuchs is mute evidence of a civiliza- 
tion so well integrated that the outstanding botanist of 
the day could work together with illustrators and en- 
gravers of genius to produce a highly successful vol- 
ume; even now, after nearly 400 years, a good facsimile 
edition sells rapidly, just for its beauty and historical 
value. 

In our own over-specialized times, scientists, pub- 
lishers, and the general public are often at cross pur- 
poses; each is so far from the others in thought that 
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great imagination and ingenuity are needed for mutu- 
ally satisfactory communication. The almost  simul- 
taneous appearance of these two munificently illustrated 
works on wild flowers provides a simple example of the 
difficutly of achieving a modern solution to this di- 
lemma. In the Walcott volume an astute publisher has 
provided the charming illustrations of a gifted woman 
with a minimum of sound technical comment by a 
botanist with an interest in wild flowers. 

Yet the Pittsburgh volumes come the closer of the 
two to rivalling Fuchs. The botanist who planned the 
volumes is not only a competent taxonomist but also is 
a reflective and understanding person with long ex- 
perience in meeting the needs of that part of the general 
public which comes to a big museum. Like Fuchs, he 
worked side by side with his gifted illustrator. 
The big plates are compelling as illustrations; they 
are also ingenious in displaying the technical differences 


has 


which are of taxonomic importance. Scientifically the 
Pittsburgh Flora would be a milepost for the text alone. 
It covers not only Pittsburgh but practically the entire 
western edge of the Allegheny plateau from southern 
Pennsylvania to southwestern New York State and 
northeastern Ohio. There is a distribution map for each 
species, a discussion of its range, the kinds of places 
where it is found, and the like. Most of the points a 
local naturalist or a scientific monographer would be 
most likely to inquire about are faithfully set out. Con- 
sidering the handsome color plates and the size of the 
two volumes, the price of $60 is a miracle. 

The Walcott volume is less satisfactory but it does 
sell for $10 and it will serve the needs of many of 
those who buy it. On the other hand it will be of little 
interest to most professional taxonomists and in some 
ways it may distress Mrs. Walcott’s many friends. 

Mrs. Walcott was not a professional botanist and did 
not pretend to be one. She was an incredible personal- 
ity, a quick little woman, with a good mind, keen ar- 
tistic perception, and a fresh eager way like that of a 
highly gifted child. She was a mountain climber of note 

there is a mountain named for her in the west) and 

she became the wife of Dr. Walcott, the director of 
the Smithsonian Institution. She travelled widely and 
gradually accumulated a collection of several hundred 
water color paintings of American wild flowers, done 
right on the spot. Meticulously she kept a record of just 
where each plant had been collected. The original 
plates were breath-taking to anyone with a real interest 
in American wild flowers. They were exhibited publicly 
and the feeling grew that they should be published. 
Money was contributed for this purpose by friends of 
Mrs. Walcott and the Smithsonian Institution eventu- 
ally published them. 

Printing costs were staggering. A note from the 
printer included with the present volume puts the bill 
at around three-quarters of a million dollars. The sets 
were sold to scientific institutions and to the general 
public in deluxe portfolios for $500 a piece. An edition 
of 2000 in plain cloth, with smaller portfolios, was 
brought out for $100. In the end no one was really 
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happy about the matter. Funds reputedly | 
Walcott to complete the series have not | 
Scientific institutions that paid $500 out 
budgets wished they might have had mon 
purchase of something more generally useful. 
new edition, although the plates are duskier 
originals and although it has been rounded 
pictures by an artist who is not the equal of 
cott, comes closer to meeting a real need. A 
charming woman, one of our greatest scientific jngt}. 
tutions, and a firm of expert color printers have worked 
at cross-purposes because they only partly understood 
the interests, the traditions, and the budgets of o; 
another’s worlds and of the general public. 

Epcar ANDpERSox 
Missouri Botanical Garden 
St. Louis, Missouri 


Thomas Jefferson’s Farm Book. With Commentary and 
Relevant Extracts from Other Writings. Edwin Mor- 
ris Betts, Ed. Princeton Univ. Press, Princeton, N. | 


1953. xxxiii+ 552 pp. $15. 


HIS volume presents irrefutable evidence that t! 

greatest champion of the American farmer was 
himself an accomplished agriculturalist. Thomas ] 
ferson knew what he was talking about. As the ow 


of around ten thousand acres distributed in half a doze 
plantations in three Virginia counties; as the produce 


of large quantities of tobacco and corn for the market 
as the operator of numerous smithies, cooperages, saw 
and flour-mills, carpenter shops, spinning and weaving 
establishments, leather-working crafts, and a nailer 
this man, whose passion was the soil and its products 
knew virtually all there was to learn, either by books 
experience, about plantation economy. In this he merely 
rivalled such eminent Virginians as George Washing 
ton and John Taylor of Caroline. Where he excell 
them, in the eyes of posterity at least, was in the minut 
and systematic records he kept for more than half ; 
century. The most voluminous remains are his letter 
written during long periods of absence when his belo\ 
acres had to be left to “the ravages of overseers.” Je! 
ferson’s restless, questing mind also impelled him t 
correspond with other gentlemen farmers, especi 
those of his own state and of eastern Pennsylvania, 
evinced such an avid interest in the 
of the eighteenth century. To anyone who reads 
letters, the ridiculous charge of impracticality so oft 


leveled against him withers away under overwhelming 


agricul 


new 


contrary evidence. He is seen as the inventor 
improved plow, the sound experimenter in app! 
science to cultivation, and a promoter of agricultu! 
societies and education in farming as a professi 

In 1941 Edwin Betts published Jefferson’s ¢ 
Book through the American Philosophical Society 
appropriately. Now under the same auspices, he 
us the Farm Book (178 pages), which covers the | 
1774-1826, and supplies five hundred pages o! 
chosen extracts from the corpus of agricultura! 
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y Mrs fa respond _ a glossary, a list of the treatises consulted volume which is a must, not only for students of the 
by Jefferson, and other useful data. lhe commentary phenomena of northern areas but for practical men 
slender follows plan of the Farm Book, and illuminates all who must apply the results of scientific study to the 

for the a aspects plantation management. In addition, Francis solution of practical problems. — 
1s thie MAL. Berkeley has contributed at brief though lucid intro- Science in Alaska, 1951 is illuminating for the enor- 
han the jag duction on agricultural conditions of the age. This is mous range of research activities that it discloses. It 
ut with a work browse in and to savor; students will find it includes papers on the history, politics, economics, and 
irs. Wa]. Ig indispensable. Although the photogravure facsimile of | anthropology of Alaska, on the progress of agriculture 
fted ail the Farm Book is admirably reproduced, most readers and the problems of agricultural economics and for- 
fic insti will regret the necessity to stop and decipher parts of estry, on medical and public health problems, and 
worked fa it and the frequent need to use a reading glass. They physiological manifestations under far northern condi- 
derstood fam will also wish to have the benefit of Mr. Betts’s knowl- tions, on the problems and progress of the construction 
of one I edge in explaining certain obscurities. Had this inval- industry, and of mining, and railroading, on geology, 
~ BB yable source been printed with editorial notes, as in geography, and geophysics, and on arctic and_sub- 

Carl R. Woodward’s volume on Charles Read’s “Notes arctic zoology and wild life. 


n used 


—_ n Acriculture” (Ploughs and Politics, 1941), the vol- No area of human knowledge is too large or too small . 
me would have been more useful and the price could to yield something of value to the determined investi- 7 
have been lowered until it came within the reach of gator. These papers by Alaskan scientists (and most of 4 
those who will most want to own it. It belongs with the them are Alaskans or men who have spent years in the a3 
ary and lassics of American agriculture. Territory) range the fields of science from permafrost - 
in Mor. CARL BrRIDENBAUGH to mosquitoes biting Diptera to a scientist), from pe- 2 
NI. University of California troleum possibilities to changes in the temperature of 4 
Berkel black bears during hibernation, from studies of earth- 
quakes, the aurora borealis, and land use in the arctic, 
‘lacier Variations and Climatic Fluctuations. H. to the distribution of lemmings, from moose and beaver 
W:Son. Ahlmann. (Bowman Memorial Lectures); to molecules and microwaves. 
The American Geographical Society, New York, Alaskan science may be in its infancy, but this volume 
Owner 1953. v+51 pp. Illus. + plates, demonstrates that, if so, it is a very sturdy infant in- 
a dozer deed. These research reports not only illustrate, and 
‘oducer NLY within the last fifteen vears or so has it be- exemplify the length and breadth of arctic and sub- 
narket come generally recognized that the climate of arctic science but more than that they give us direction 
8, SaW- Hour time is changing. The evidence comes from many finders which point toward greater scientific growth in 
reaving different sources, prominent among which are systematic an area rich in mines and fisheries, forests and agricul- 
ilery- neasurements on glaciers and on the moraines of former ture, and in the hope, imagination, and energy of its 
oducts glaciers, A distinguished glaciologist, Professor Ahl- people. 
oks ot HA mann, has assembled an impressive body of evidence, JosepH T. FLAKNi 
gl drawn not only from glaciers but also from other Arctic Institute of North America 
on sources. The evidence supports the belief that regenera- 
ia, nn 1 gee 0 yi oie tie et nar aang Astronomical Photoelectric Photometry. F. B. Wood, Ed. 
half a ; Si cnt at $ : = Washington D.C.: American Association for the Ad- 


the 18th and 19th centuries. Since the climax, decay 
has been widespread. This publication represents the 
Bowman Lectures delivered in 1952. It is concise, co- 


letters vancement of Science, 1953. vii + 141 pp. Illus. $3.75. 


eloved 
; ao HIS modest volume of one hundred forty-one pages 
gent, and documented with a useful bibliography. 


‘ a consists of eight papers that were originally pre- 
RicHARD Foster FLINT pal 


sented at a symposium held in Philadelphia on Decem- 
ber 31, 1951, by Section D (Astronomy) of the Ameri- 
can Association for the Advancement of Science. The 
symposium was limited to problems of instrumentation 


Yale Unive rsity 


Science in Alaska, 1951. Proceedings of the Second 
\laska Science Conference, Alaska Division, Ameri- 
can Association for the Advancement of Science, Mt 
McKinley National Park, September, 1951. 


HIS book represents the publication of an aston- two years ago. Emphasis is on the application of photo- 
shing variety of research papers prepared for the multiplier tubes (especially the R.C.A. type 1P21) to 
sessions in Alaska of the Alaskan Division of the astronomical problems requiring telescopes of only 
rican Association for the Advancement of Science. moderate size, where the observations are not pushed 
publication of these papers is significant, not only to the limiting magnitude. All the papers are on a pro- 
he advances in scientific knowledge which they fessional level. The newcomer to the field will find no 
but for the promise they extend of a further specific directions for constructing a photometer, but he 
ing of the horizons of scientific investigation in will find a valuable survey of instrumental concepts 
and subarctic regions. Here is an encyclopedic with numerous references to the literature. 


and techniques. 
The book presents a cross-section of the rapidly ad- 
vancing subject of photoelectric photometry as it was 
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The opening chapter, by Albert P. Linnell, deals in 
an introductory way with diverse direct-current technics. 
It concludes with a comprehensive bibliography of five 
hundred seventy-five entries that is one of the outstand- 
ing features of the book. This is followed by a chapter 
on a.c. technics, by John S. Hall who includes mention 
of several types of photometers for the measurement of 
magnitude, color, and polarization. Brief papers by A. 
Lallemand and F. Lenouvel deal with special photo- 
multiplier tubes of high quantum efficiency. 

Pioneer work on pulse-counting technics is discussed 
by William Blitzstein, and in another paper by R. O. 
Redman and G. G. Yates. In this field of increasing 
importance, the practical aspects are currently altered 
by the availability of a variety of commercial apparatus. 
A more recently appreciated advantage of pulse-count- 
ing in work near the limiting magnitude is the possibility 
of conveniently eliminating fluctuations of the sky back- 
ground by frequent switching from object to comparison 
star during cumulative counts. A section by Th. Wal- 
raven deals with the application of servo-technics to 
automatic photometers for measuring rapidly varying 
stars. 

The highlight of the book is a critical summary and 
comparison of technics by Albert E. Whitford. Here in 
a few pages are condensed the fundamentals of the sub- 
ject, with an authoritative discussion of limits of sensitiv- 
ity and attainable precision. 

Owing to the accelerating technology, one suspects 
that even today a similar symposium would be crowded 
with a variety of subjects such as even newer end-on 
photomultipliers of improved characteristics, spec- 
trophotometry at the telescope. and exciting prospects in 
image tubes. 

Horace W, Bascock 
Mount Wilson and Palomar Observatories 
Pasadena, California 


The Comets and Their Origin. R. A. Lyttleton. Cam- 
bridge Univ. Press, New York, 1953. x+173 pp. 
Illus. $5. 


HE author, an eminent astrophysicist of the pres- 

ent day, has undertaken in this book to review the 
observations, evidence, and current theorizing on the 
subject of comets. The first two chapters describe the 
observed properties of comets, and summarize the 
nature of their orbits and the sizes, masses and other 
properties of the comets themselves. The evidence leads 
Lyttleton to the conclusion that comets are swarms of 
closely associated small particles. In regard to the orbits, 
Lyttleton calls them parabolic, although he does state 
(p. 9) “but there is good reason to suppose that the 
actual complete paths . . . do not in reality extend to 
infinity at all.” 

In the next two chapters, Lyttleton tries to justify 
his hypothesis. A comet is a loose aggregate of inter- 
stellar matter that moves around the center of gravity 
of the solar system in parabolic (elliptic) orbits. This 
aggregate is gathered together as the solar system passes 
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through an interstellar dust cloud. The con 
an emanation caused by the pressure of lis 
dust caused by the collisions of interstellar ; 
the intersection of their orbits, which mu 
perihelion when their velocities are at maxi 
fifth and last chapter is called “Relation of t 
theory to earlier ideas.” Lyttleton recognizes 
that his theory may not be the final answer a 
“T am aware that there is room for further iny 
at many if not all points.” 

This book is valuable, first in the originali 
ideas expressed, and second, in pointing out 
for a reexamination of the basic problems in 
mechanics. Lyttleton does make some preci 
original contributions in the book. 

Gien H 
4332 N. Fairfax Drive 


Arlington, Virginia 


Space Travel. Kenneth W. Gatland and Ant! 
Kunesch. Philosophical Library, New York 


x +205 pp. Illus. + plates. $4.75 


ERE is a handy, well indexed compend 

carefully gathered information on the history 
development of astronautics; not detailed but b 
so well that technologist and layman alike are | 
much told look for 
Science fiction writers and readers, reference librar 


and where to more part 
high school science clubs, and youthful rocket en 
the world over will find the volume especially 

The authors’ source material was not drawn fi 
nation alone. For the mature 
enough technical data, charts, and drawings to pro 


engineer there 


easy access to historical background and current gener 
progress. 

Kenneth Gatland and Anthony Kunesch ar 
believers in the present usefulness of reaction engi 
and their future possibilities for space travel. They hol 
Germany's V-2 to be a brilliant engineering achie\ 


High « 
] 


as well as public realization of the immensity of the 1d: 


ment, possibly the “embryonic space-ship.” 


are seen as important factors presently retarding 

patient astronautical Columbuses. Military prograt 
ironically, seem to offer the best practical aid to inte! 
planetary travel by building better guided missiles t 
seek out and destroy enemy aircraft and atomic bombs 
designing jet-fighters and bombers that travel ever fast 
and reach ever higher altitudes; making exploration 
into the physics of the upper atmosphere; testing s 


r 


suits; financing space biological studies; and by kee; 
alive public interest in space problems and condit 
thought to ever greater receptivity. 

sut there is much to be accomplished befor: 


dawn of the space-age can be more than a fai! 


glow. As might be expected from the lack of accept 
scientific evidence, the authors have little to say 
the theory that “flying saucers” are manned by 5; 
dwellers, beyond pointing out that this cannot 
jected a priori because experimental science do« 
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possibility of human life outside the earth. 









n ae ’ | 
0 beat i nomers, notably Donald Menzel, director of 
particles MM Harvard Observatory, have amassed evidence indicat- 
st be nes Mf ing that this is highly improbable, but other experts, 
mum, The like Fred Hoyle, a noted British mathematician, point 
the present vt that it is not at all impossible to conceive of some 
Ss the fac I form of intelligent life on other planets and that it is dis- 
and state: qf tinctly possible that there may be other inhabited worlds 





circling around other suns. 

One thing is quite certain; the successful space ship 
will not suddenly be “invented” like the automobile or 
the electric light bulb. The problems involved are too 
many--workable engines, high heat-resisting materials, 
fuel, space stations, ferry rockets, landing brakes, weight- 
lessness, oxygen, food, danger from decompression, 
rite protection, navigation—and if nuclear power 
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i Draper met 
s used, protection from radiation. Much coordinated 
work will have to be done in practically every field of 
research, and many of the needed answers to subordinate 
problems will come as the result of work originally 
thony M carried out for entirely different purposes, some of 
rk, 195 which will seem completely irrelevant when uncovered. 
Four major turning points in the history of astron- 
utics are held to provide the rosy hue discernible to 
dium ot the authors as our “dawning Space-Age.” The first was 
‘tory and Hf the work of such pioneers as Goddard, Oberth and 
balanced Esnault-Pelterie. The second was development of the 
> offered Hi German A-4 rocket (which later became Vengeance- 
= ulars weapon two or V-2). Next was recognition of “orbital 
Prarians, Hi technique” or the need for building up propellant stores 
— for refueling purposes in a circular orbit outside the 
aluabl earth’s atmosphere. Finally, there is the conception of 
_—s ‘jon-drive” which it is hoped will make use of high 
— voltage pulses to expel the driving gases. We have had 
ina Vikings, Wac-Corporals, Skyrockets and Aerobees. It 
—aotiaien could be that the Santa Maria of Space is nearer to 
: building than we think. 
re an Hersert B. NicHois 
engines Takoma Park, Md. 
ey hold 
or Semimicro Qualitative Analysis. Rev. ed. Hervey Hub- 
sh cos bard Barber and T. Ivan Taylor. Harper, New York, 
: -m 1953, 404 pp. Illus. $4.50. 
grams HIS is a revision of an early text which introduced 
 inter- the pressure-bulb technic originated by Professor 
iles t Barber. The new version consists of a complete cover- 
ombs, age of five groups of cations and four groups of anions 
faster by the more or less standard procedures introduced 
rations many years ago by A. A, Noyes. Its organization is flex- 
space ible enough so that the text may be used for labora- 
eping tory courses designed for the last quarter or semester of 
joning general chemistry or for separate courses at the sopho- 
more level. 
e the The material relative to the analysis of each group 
rosy of ions is systematically organized as follows: 
mae Preliminary experiments ; ’ 
; Reference tables summarizing reactions of each ion; 
‘oaed Outline and discussion of procedure; 
€ re \pplications of theory of ionic equilibria to the ana- 
not lytical scheme; 
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Analysis of knowns and unknowns; 

Chemical reactions used in the analysis; 

Questions and problems. 

Some background in principles of ionic equilibria is 
assumed in the sections which explain the procedures 
used in making the separations and identifications, and 
previous exposure to these principles is quite essential. 

The authors prefer to use thioacetamide in place of 
hydrogen sulfide for the sulfide precipitations, and the 
pressure-bulb method for filtrations. However, they 
state that instructors may use hydrogen sulfide and cen- 
trifuges with no fundamental changes in the procedure 

The scale used usually requires one or two drops of 
test solution (0.144) which may be diluted to one 
milliliter or more during the procedure. Several spe- 
cialized pieces of equipment are required. Spot tests, 
using organic reagents, are involved in the final identi- 
fication of many of the ions. 

Lioyp E. Mat 
Department of Chemistry 
University of Utah 


Mathematics in Western Culture. Morris Kline. Ox- 
ford Univ. Press, New York, 1953. xi + 484 pp. Illus. 
+ plates, $7.50. 


T is a formidable project set by the author of this 

book: to defend the thesis that mathematics has 
been, and is, a major influence in the development of 
western culture, and to present his arguments to the 
general public. “Almost everyone knows that math 
matics serves the very practical purpose of dictating 
engineering design. Fewer people seem to be aware that 
mathematics carries the main burden of scientific rea- 
soning and is the core of the major theories of physical 
science . . . has determined the direction and content 
of much philosophic thought . . . has supplied substance 
to economic and political theories, has fashioned major 
painting, musical, architectural, and literary styles, has 
fathered our logic, and has furnished the best answers 
we have to fundamental questions about the nature of 
man and his universe. . . . Finally, mathematics 
offers . . . aesthetic values at least equal to those offered 
by any other branch of our culture.” 

To argue such sweepstakes persuasively requires at 
least a wide understanding of the history, meaning, 
and implications of the various parts of mathematics. 
More than this, a prime requisite is a crusader’s con- 
cern for its importance to the thinking world in general. 
Kline’s project is far broader than a new exposition of 
mathematics as handmaiden, even as queen, of the sci- 
ences, far deeper than merely another popularized dis- 
cussion of mathematics. Only long germination of the 
ideas and evidence from such diverse fields as poetry 
and economics, only meditation and self cross-exam- 
ination, could prepare the author for the thesis. Only 
a flair for careful but artful writing could prepare the 
thesis for its public. The author qualifies on all points; 
the result is highly admirable. 

Although the presentation is historical, the history 
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concerns no one subject. It paints man’s attempts to 
discern the nature of his environment and to adjust 
to living in it as an individual and as a social unit. 
Mathematics is the spinal cord of the tale. From Greek 
preoccupation with generating a rational world, fol- 


lowing Euclid’s footsteps, through Newtonian and 
Kantian devotion to an a priori Euclidean structure and 
mechanics of the universe, to the liberties of minds 
freed by Lobachevskian geometry from the shackles of 
fixed “reality” and soaring boldly to the creations of 
Einstein, this is the framework of the fascinating story. 
It is related in readable, alluring, style. There is only 
an occasional shock of vernacular commonplace or ve- 
hement overstatement, which I pardon in so successful 
a work as the author pardons the anachronism of a 
presumably competent Mr. Determinist of 1953 whose 


creator denies him the knowledge of no: 
geometry. And a not too persuasive discussi: 
and mathematics is more than balanced by 
some presentation of the difficult Einstein th 
It is trite to suggest this book as nuclear 
surveys of currently popular 
aegis of “General Education.” Much more in 
it should greatly serve the reading public-at-la; 
having accepted the necessity of mathematics 
needs instruction to the effect that mathen 
only manufactures atom bombs and televisio: 


civilization 


also maintains an ever-growing storehouse of 
permanent and awe-inspiring contributions to ¢] 
the social sciences, and the humanities. 

GayLorp M. M 
The University of Cincinnati 
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Books Reviewed in SCIENCE 


May 7 

The Ustilaginales of the World, George Lorenzo Zundel 
Pennsylvania State Univ.) Reviewed by Clyde M. 
Christensen. 

Epilepsy and the Functional Anatomy of the Human 
Brain, Wilder Penfield and Herbert Jasper (Little, 
Brown). Reviewed by William R. Amberson. 

Advances in Genetics, Vol. V., M. Demerec, Ed. (Aca- 
demic Press). Reviewed by Ernst Caspari. 

Electrochemical Constants, Proc. of NBS Symposium held 
September, 1951 (National Bureau of Standards). 
Reviewed by Ross W. Moshier. 


May 14 

Traité de Paléontologie. Vol. 3, Les Formes Ultimes 
d’'Invertébrés; Morphologie et Evolution—Onycho- 
phores, Arthropodes, Echinodermes, Stomocordés, Jean 
Piveteau, Ed. (Masson). Reviewed by W. P. Wood- 
ring. 

Chemie 
Franks’sche 
Vining. 

Textbook of Physiology and Biochemistry, George H. 
Bell, J. Norman Davidson, and Harold Scarborough 
(Livingstone; Williams & Wilkins, ed. 2). Reviewed 
by William R. Amberson. 

The Major Features of Evolution, George Gaylord Simp- 
son (Columbia Univ. Press.) Reviewed by G. Ledyard 
Stebbins. 

Advances in Virus Research, Vol. I., Kenneth M. Smith 
and Max A. Lauffer, Eds. (Academic Press). Reviewed 
by S. E. Luria. 

An Introduction to the Theory of Seismology, K. E. 


R6mpp 
Leo C. 


II., Herman 
Reviewed by 


Lexikon, Vols. I and 
Verlag, ed. 3). 


Bullen (Cambridge Univ. Press, ed. 2). Reviewed | 
Daniel Linehan, S.J. 

Les Groupes Sanguins Chez Homme: Etude Sérologique 
et Génétique, Jacques Ruffié (Masson). Reviewed t 
William C. Boyd. 

May 21 

The Permian Reef Complex of the Guadalupe Mountair 
Region, Texas and New Mexico, Norman D. Newel 
et al. (Freeman). Reviewed by Preston E. Cloud, Jr 

Fields and Waves in Modern Radio, Simon Ramo and 
John R. Whinnery (Wiley; Chapman & Hall, ed 
Reviewed by G. E. Mueller. 

International Review of Cytology, Vol. II., G. H. Bourn 
and J. F. Danielli, Eds. (Academic Press). Reviewed 
by George H. Mickey. 

Causality in Natural Science, Victor F. Lenzen (Thomas 
Reviewed by Henry Margenau. 

Lehrbuch der Organischen Chemie, Paul Karrer (Geo: 
Thieme, ed. 12). Reviewed by Carl P. Schaffner 
The Challenge of Our Times, Farrington Daniels an 
Thomas M. Smith, Eds. (Burgess). Reviewed by Georg 

R. Harrison. 

Theory of Equations, Cyrus Colton MacDuffee (Wiley 
Chapman & Hall). Reviewed by Cleota G. Fr) 

May 28 

The Effect of ACTH and Cortisone upon Infection ané 
Resistance, Gregory Shwartzman, Ed. (Columbia Univ 
Press). Reviewed by Clayton G. Loosli. 

A History of the Theories of Aether and Electricity: The 
Modern Theories, 1900-1926, Sir Edmund Whittaker 
(Philosophical Library). Reviewed by E. T. Kora- 
hauser. 
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Esperanto versus Interlingua 


\ay I point out that certain statements in your issue 

+ hie 1953 give an erroneous impression? ‘These 
Jate to the language Esperanto, a brief report of use 
¥ which professionally and personally by a member of 
she stafl of the electrical engineering department of a 
gate university was given in your issue of July 1951 
[. A. Ware, Sci. Monthly 73, 60 (1951)] preceded by 
an outline in the issue of March 1951 of the status of 
she language, with mention of the 1950 congress of 
Esperantists in Paris [I. K. Reed, Sci. Monthly 72, 203 

95] 

In the August issue [77, 80 (1953) ], Alexander Gode, 
veking to promote a language project created by him- 
«lf and associates, suggests that it is “the naivete of 
the true Esperantist’s faith in the power of his language” 
vhich “explains why Esperanto has progressed as far 
s it did.” Use of the past tense in the last word is in- 
ccurate. He must know, as well as anyone, that there 
has been no cessation in the progress of Esperanto, 
vhether or not its present use owes anything to 


relate 


“naivete, 

Dr. Gode further alleges (p. 86): “It is not as a uni- 
versal language but as in part a common European 
tongue that Esperanto has been able to develop a fairly 
strong appeal in the Orient, especially in China and 
till more in Japan, where it has proved its ability to 
function as a language of science and technology, pro- 
vided both the author and reader are initiates of its 
ult.” Is this any more fair than it would be to dub 
persons who learn German in order to read publications 
in that language “initiates of zts cult?” 

Dr. Gode announces (p. 89) that his project “is 
making a strong bid to serve as the medium of inter- 
national communication in science, technology, and 
ther fields in which both the initiative and the objec- 
tives are such that a restriction of their audience to the 
limited range of individual national tongues is paradox- 
ical and hence inefficient. Interlingua proposes to suc- 
ceed where Volapiik, Esperanto, and a host of other 
schemes have failed.” 

People know that Esperanto has not “failed.” Class- 
ing it with Volapiik and other projects for which the 
term might be appropriate seems to be an attempt at 
establishing linguistic guilt by association. We might be 
generous enough to admit that Volapiik, clumsy as it 
was, nevertheless indicated the possibility of an auxil- 
iary language, being thus a milestone along the way 
toward Esperanto—which some persons have had the 
naivete to think exhibited a touch of genius. Regarding 
the other schemes, including alleged improvements and 
more divergent competitors with Esperanto, their pro- 
mulgation in even bitter and sometimes unfair methods 


at least helped a bit in keeping the idea of an inter- 
language before the world. The organization that has 
financed Dr. Gode and his associates is reported to have 
encouraged some of them with grants and kind words, 
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also urging Esperantists to consent to what they re- 
garded as a gesture of appeasement. One of these 
schemes, promulgated in 1903, had the same name as 
Dr. Gode’s project and was rather similar to it; some 
critics think the older form preferable to its “new look.” 

Dr. Gode says (pp. 89-90) that his Interlingua— 
“not constructed but extracted’”—‘is a living language, 
not a dead artifact.”” We can agree on what it is not, 
for artifact is an archeological term for any inanimate 
object that can be seen to be the product of human 
workmanship. But neither is it a living language, for 
it does not fit the dictionary definition: “A language 
still spoken or in vernacular use by a people.” In fact, 
we know of no assertion or demonstration that it has 
ever been spoken by anyone. Esperanto could make a 
more reasonable claim to suit the definition, since it 
has been and still is spoken by a considerable number 
of persons throughout the civilized world, although not 
restricted to any one ethnic group or locality. 

In the meantime, may I call the attention of readers 
to the 1954 La Universala Kongreso Esperantista in 
Haarlem, The Netherlands, July 31—August 7, a visit 
to one or more days of which would be a most inter- 


esting experience! 


Doris TAPPAN CONNOR 
114 West 16th Street 
New York 11 


The purpose of my article, “The case for Interlingua,” 
was to present what the title states and not to challenge 
Esperantists. If possible, I will attempt to assuage their 
feelings by stating publicly that I consider Dr. Zamen- 
hof, the author of Esperanto, a great man and his lan- 
guage a remarkable achievement. 

If my article had been intended as an obituary for 
Esperanto, I could have and would have said many 
nice things on the subject. As it was, all references to 
Esperanto were introduced exclusively for purposes of 
comparison. If I stated that Esperanto has failed, I 
did so as part of my contention that no completely 
or partially constructed language can succeed. 

I base this assertion on the psycho-linguistic fact that 
there is no universally valid pattern of language. There 
are many language patterns, and what the author of a 
constructed language considers universally valid in his 
scheme is only a reflection of his habits of thought and 
speech. Hence, we can get as many constructed lan- 
guages as we can find authors courageous enough to 
tackle the job. With modern linguistic techniques, al- 
most anyone can produce a constructed language over 
an idle weekend or two, although the product will be 
no more universally valid than the next man’s. Espe- 
ranto is a pioneering achievement in this welter of 
possibilities; it happens to have gone further than its 
competitors, but in an absolute sense it is no more uni- 
versally valid than any one of them. 
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Interlingua is not a competitor of Esperanto. This 
was the theme of my article. Interlingua is not a con- 
structed language. Moreover, I am not the creator of 
Interlingua. Nobody is. My associates and I took the 
fact that the sciences already have an international 
language or, at least, an international vocabulary, 
coupled it with the idea that the Western world is 
linguistically homogeneous in the sense that its languages 
can be construed as variants of one standard, noted the 
identity of this standard with the language of science, 
called the object of our study not unfittingly Inter- 
lingua, and proceeded to codify it in a dictionary and 
a grammar. Now we are using Interlingua, having made 
the bold but borne-out assumption that all speakers of 
a Western language—including, among others, practi- 
cally all scientists anywhere—read it at sight as a lan- 
guage familiar to them, because they have always 
known one or several variants of it. 

Both the premises and the philosophy of Esperanto 
are incompatibly and even incomparably different. ‘To 
illustrate the point, let us assume that a hematological 
journal decides to publish abstracts of all its articles 
in Esperanto. This procedure would achieve its pur- 
pose of breaking the barriers of language if all hema- 
tologists knew Esperanto. They do not and never will. 
If the same hematological journal publishes its ab- 
stracts in Interlingua, all hematologists understand them 
without being linguists or interlinguists, in fact, without 
being anything but hematologists. 

Interlingua can serve. Esperanto could serve if. . . 
Reliance on this kind of “if” strikes me as naive, I 
cannot help it. Regarding my reference to Esperantists 
as initiates in a cult, I am willing to drop the cult, but 
you must get initiated if you want to enjoy La Univer- 
sala Kongreso Esperantista in Haarlem. 

ALEXANDER GODE 
Interlingua Division of Science Service 
80 East 11th Street, New York 3 


The Fluoridation Issue 

I was a little shocked by John A. Hutchison’s article 
[Sct. Monthly 77, 240 (1953)] entitled “Small-town 
fluoridation fight.” It seemed to me to lack the de- 
tached, scientific attitude that one expects in articles 
published in The Scientific Monthly. The author, as a 
participant in the fight, was mortified to find himself 
on the losing side and angry with the victors. This is 
natural and understandable enough, but Dr. Hutchison 
permits his emotions to control the expression of his 
views; his personal prejudices reach a climax with the 
extraordinary statement that the adverse vote on fluo- 
ridation “was an authentic social revolt on the proto- 
fascist pattern.” Strong words indeed to apply to a vote 
given by a small New England town against fluoridating 
drinking water! 

What are the facts? Dr. Hutchison refers slightingly 
to the report of the Delaney Committee, but that com- 
mittee devoted 7 days of public hearings to the fluorida- 
tion question, during which they heard testimony from 
18 highly qualified witnesses representing both sides of 
the subject. Their report, which is signed by all mem- 
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bers of the committee, covers six pages, an 
tional shorter report was made by one m: 
was a doctor of medicine. Both reports ar: 

and judicious in tone. They do not condem 
tion; they merely suggest caution. They poi: 
the pilot programs now under way were start: 
and 1946 and were designed to run for 10 t 
Conclusions, therefore, cannot safely be di: 
them until 1955 at the earliest. 

The general tenor of the two reports is summed y) 
in the final sentence of the one written by Dr. Miller 
“there is no urgency about the matter.” Let’s wai: 
they say, until we know what effect sodium fluorid 
in minute daily doses, will have on the aged, . peopl 
with impaired kidneys, on expectant mothers or on ¢] 
unborn infant. We must remember that the amount of 
water consumed varies from one individual to another. 
In hot weather, all of us drink from 2 to 10 times as 
much water as in cold weather. If the minimum effec. 
tive dosage is added for cold days, will the increased 
consumption following a rise in temperature be danger 
ous? Fluorides are of value only to young children up 1 
8 or 9 years of age; is it wise to give the entire populaticr 
daily doses of a substance, which all are agreed is | 
sonous, when less than 15 percent of the population car 
benefit? Would it not be more reasonable to mak 
topical applications of fluorides to the teeth of childre: 
through the school doctor or nurse—as is being done ji 
some communities? 

All these questions and many others are present 
in the committee’s reports; surely they are sensibl 
questions. There is no need for haste, no call for lost 
tempers. The matter should be given a cautious scien- 
tific appraisal. 

LEONARD WICKENDEN 
Lord’s Highway, 


Weston, Connecticut 


What a picture of American democracy Professor 
Hutchison paints! And when we recognize, as we must, 
that the situation he describes from “a small New Eng- 
land town” is general, how difficult of solution becom 
the problems raised by Professor Ihde in his artic 
“Responsibility of the scientist to society” [Scz. Month) 
77, 244 (1953)]. 


The population problem on which A. V. Hill com 


‘ments in Ihde’s article [p. 248] cannot be dealt with 


even at the individual family level, and on medical 
advice, in two states of the Union, and at the nationa 
and international level is not even discussed. 

The dilemma seems to be fundamentally a moral on 
The “merchants dependent upon public good will, 
who are undoubtedly among the most influential citi- 
zens in the town of which Professor Hutchison writ 
ran for cover on the fluoridation issue. On the popula: 
tion issue, we see many scientists in the same ignomin- 
ious situation. They know—as many of them will sa) 
privately—that not only must positive efforts be mac 
to halt rapid population increases; some of them wi! 
even admit that their efforts are making the situation 
worse. Yet when the time comes to be counted, they 
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: pusillanimous as the small-town merchant. 


are ortel 
ih ithout integrity is no science at all. Should 
ot scit _ as men of integrity, be the first to stand 
sins ‘storms of unreason that have swept like 
floods over many nations”? If the scientists, 


iided by the best wisdom available, are un- 
lling lo it, what hope is there for our civilization? 
WILuiAM VocT 
National Director 
Planné irenthood Federation of America, Inc., 
Vew J on 


I wonder how Professor Hutchison would explain the 
big-town (Cincinnati) fluoridation fight’? Here all the 
newspapers were for it, all the medical and dental au- 
chorities, all the socially intelligent pressure groups, and 
vet it was soundly defeated. Also, the two Republican 
Council candidates who were antifluoridation were de- 
feated, whereas the Charter Party, all of whose candi- 
lates, | believe, were for fluoridation, won a majority 
n the Council. Hutchison cannot explain this by small- 
town personalities, town-meeting defects, and so on. 
Cincinnati is a leading medical center, has one of the 
best municipal universities in the country to which its 
people are greatly devoted, has the proportional repre- 
entation system of voting, three first-rate TV stations, 
nd was subjected to about as intensive and “educa- 
tional” campaign on the issue as one can imagine. 

[ am sure that Professor Ihde must have meant “om- 
niscience” rather than “omnipotence” [p. 248]. We have 
the power. What we lack is the intelligence to use it 
wisely. We certainly publish much that is of no conse- 
juence and sometimes fail to publish things that might 
very valuable. His point is well taken that scientists, 
specially physical and biological scientists, have an ob- 
gation to make themselves socially intelligent as well 
as technically competent. 

Reap Barn 
Department of Sociology 
Miami University 


I have no comment on the letters by William Vogt 
and Read Bain beyond the remark that I intended my 
article as a case study in some of the problems involv- 
ing the relationship of scientific knowledge to public 
opinion and public policy—that and no more. I fear 
that Mr. Vogt rather overgeneralizes in his comments 
on the plight of American democracy. Regarding Mr. 
Bain’s question, I do not know the answer. I am still 
puzzled to understand many of the reactions described 
in my article, let alone the result in Cincinnati! 

Regarding the letter by Leonard Wickenden, while I 
have no desire to deny “emotional” attitudes, I sought 
to be scrupulously careful of my facts. My manuscript 
read by several local people, most of whom thought 


was 

[ greatly understated the situation I reported Mr. 

Wickenden questions my references to the Delaney 

Committee report. I am quite willing to have critics 

r is report, also the analysis of it in the Journal 
American Dental Association, and to draw their 

om nclusions. With regard to waiting longer, as Mr. 
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Wickenden suggests as the rational policy, the question 
that occurs to me is this: just what constitutes a legiti- 
mate basis for approving such a matter as fluoridation? 
If approval by the American Medical Association, the 
American Dental Association, and various other soci- 
eties is not sufficient basis for action, what is? On what 
other basis is a nonscientist like myself to form con- 
clusions? 

There appear to be a couple errors of fact in Mr. 
Wickenden’s letter. Regarding the time of the pilot 
projects, I was informed by the director of the New- 
burgh project that this period of 10 to 15 years has to 
do not with scientific results but with financing the 
project. He also refers to fluorides as “poisonous”; if 
I am not mistaken in the quantities contemplated in 
fluoridating drinking water, this is clearly incorrect. 
Also over a period of years it would not be 15 percent 
of the population that would be helped, but rather the 
whole population. 

In general again, it is my impression that the charge 
“emotional” has a way of meaning “I don’t like what 
you say.” If there are inaccuracies in my article I shall 
be glad to know about them. 

Joun A. Hutcuison 
Department of Religion 
Williams College 


Without doubt, many lay people have taken a strong 
public stand against fluoridation on a variety of issues. 
In addition, a few dentists, physicians, and scientific 
workers either have been opposed to fluoridation or 
have wished additional evidence before taking a definite 
position. 

On the other hand, there is ample evidence that a large 
number of qualified, independent research scientists 
are in favor of fluoridation and see no need for further 
delay; that they base their conclusions on experiments 
regarded by them as definitive and as having been made 
by workers well versed in the evaluation of such re- 
sults; that many of them believe that “few areas in the 
realm of public health have been demonstrated with 
greater conclusiveness.”—D. R. 


Additional Data on Animistic Thinking 

The recent report by Crannell [Sci. Monthly 78, 54 
(1954)] on animistic thinking among college students 
was most interesting and, coming just before semester 
examinations, quite timely. However, no basis for cor- 
relation of the results of Dennis’ “yes-no” test [Scz. 
Monthly 76, 247 (1953) ] and Crannell’s multiple-choice 
test could be found. The percentages used by Dennis 
indicate simply that a student missed “one or more” 
questions on the test, while Crannell gives the percent- 
age of wrong (animistic) answers for each answer of 
each question. 

In an effort to determine the degree of correlation 
possible between the two tests and also to test Crannell’s 
conjecture that the simple “yes-no” test was less likely 
to confuse the students (and thus, presumably, would 
enable them to make higher marks on this type of 
test), the tests were given to two groups of lower divi- 
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Table 1. Number and percentage of students indicat- Of the total of 519 students taking test I, 
ing that they thought the following things to be living. gaye one or more animistic answers. To 





Se ar ; : two groups of students separately, 55.4 pe: 
ene Gen. biol. Gen. vee. biology students and 47.6 percent of the 
Item = SE sh TEs! dents gave one or more animistic answers. 
No. &% No. % No. ence in the two groups can be explained 
a that all the science majors and most of thi 
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1) Unlighted match 
2) Electric clock 

3) The sun 

+) Wind 66 
5) A 5-cent piece 3: 7 
6) A pearl 109 21.0 68 
7) Lighted match 156 30.6 89 
8) Gasoline 88 16.7 51 
9) The ocean 201 38.7 i117 
10) Clouds 139 26.7 83 


majors (see Table 2) were in botany rat! 
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sion students at the time of their final examination. . gi 8 
One group consisted of freshman and sophomore stu- j 1 0 
dents who had just completed the first semester of a 
two-semester general biology course. The second group 
was composed of freshman and sophomore students who 
had just completed a single-semester course in general 
botany. 
For the biology students, the test was actually a part 
of their final examination; but, unknown to the students, 
the questions were not considered in the examination 
grades. Because of the association with final examina- 
tions, it is felt that there were few, if any, students who 
did not try to answer the questions to the best of 
their ability. 
The total sample was slightly more than 1000 stu- 
dents; however, tests that were incomplete or that had 


Table 2. Number and percentage of students giving 
animistic answers to one or more questions of test I. 


No. 


Field of specialization 


Agriculture (97 students 14 
Education (151 students 94 
General (194 students 96 
Physical education (50 students) 26 
Science (27 students) 8 

Total 519 students 268 


more than one answer for a question were discarded. 
The remaining 981 papers were graded and analyzed. 
Several aspects of the amazing and somewhat un- 
flattering (to a biology teacher!) results are presented 
in the following paragraphs with a few explanatory 
notes. Dennis’ “yes-no” test is referred to as test I and 
Crannell’s multiple-choice test as test IT. 

In test I, the students were simply asked to put a 
plus sign before any of the things listed that they 
thought were “living” and a minus sign before any that 
they believed to be “nonliving.” The results are shown 
in Table 1. Qualification of any answer was optional; 
and, like the general results shown, the qualifications 
were similar to those listed by Dennis. They showed that 
the students most often considered an object “living” 


if it moved (the ocean) or gave off energy (the sun; a _— 
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lighted match). * Indicates answer or answers considered correct or “b 
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Number and percentage of students giving animistic answers given by these same students on the 
swers On que stions 2, 5, 7, 9, and 10 and _ other two objects. 
the “best” answer on questions Db, 3; 4.6, 


pre Surely all natural-science students are exposed to the 


currently accepted definitions of “life and the properties 
254 Gen. biol. 208 Gen bot. of life,” but perhaps we do not give them enough ex- 
amples of the contrasting subject of nonliving objects 
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Ritrcure Beiy 
Division of General Studies 
University of Illinois, Urbana 
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In a recent article [Sci. Monthly 76, 247 (1953)] 
Wayne Dennis discusses what is called “animistic think- 
ing.’ C. W. Crannell, in a later letter [Sci. Monthly 78, 
54 (1954) 1], adds further data on the subject. Many of 
the answers to the questions presented in these articles, 
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ent enough to be administered as part of the final it seems to me, are not really cases of animism. After 
amination. When the examination grades were com- reading Dennis’ article, I prepared a similar list of 12 
ured 1 with the results of test I, the expected correla- objects, including three living things, and submitted 
was confirmed—66.7 percent of the “A” students them to my class in general biology with the instruc- 
yerfect scores (none of the things marked living) tions to label and give the reasons for calling each of 
16.6 percent of the “F” students had perfect the items either living or nonliving. I then cataloged 
ores (which means 83.4 percent of these students the data and obtained essentially the same sort of re- 
save one Or More animistic answers on test I!). sults as did Dennis. Later, after reading Crannell’s 
Another interesting correlation is shown in Table 2, _ letter, it occurred to me that this might be using the 
which the percentages of animistic answers are com- _ phrase, “animistic thinking,” too broadly. 
pared with the various fields of specialization of the Barnes, in An Intellectual and Cultural History of 
nts taking the test. the Western World {Cordon Press, 1937], says that ani- 
question numbers and answer letters of table 3. mism is the primitive religious belief that “individu- 
pond to those on pp. 54-55 of Crannell’s report, alized spirits rule and control the natural world” and 
s results are included here to facilitate compari- that “animism implied that all nature including man is 
\lthough several sets of figures in this table and animate, that is, possesses a spirit or soul.” Other defi- 
are interesting and indicate a surprisingly high nitions are similar, including the idea expressed in the 
of animistic thinking on the part of the students, Columbia Encyclopedia, that the “trees, mountains, 
questions on the sun, the sea, and a pearl _ stones, and the like are usually regarded as having per- 


umbers 7, 2 and 9) have comparable counterparts in  sonalities and may even be considered as having quasi- 
| | 1 


; 


‘ec questions 3, 9 and 6) and are of value in human or divine doubles (e.g. wie ids and river gods 
relation of the degree of difficulty of each test. Is it valid, then, to say that believing an inanimate 
\n examination of Table 5 shows that in the experi- _ thing is alive is animistic thinking? Is it not more likely 
nt under consideration comparable students do bet- that ignorance of what constitutes the criterions of life 
that is, give fewer animistic answers) on the mul- is the problem with which we have to deal? Ignorance 
choice type of test than on the simpler “yes-no” may be a step toward animistic thinking, but it seems 
he only exception to this was in the case of the — to me that even animistic thinking involves much more 
students in regard to the pearl, and here the than just designating life to a lifeless thing. Distinctions 

ised percentage giving an animistic answer in — between living, dead, and inanimate objects are not the 

t Il was small compared with the striking decrease in simplest or easiest to understand thoroughly. Despite 


Table 5. Comparison of number and percentage of students attributing life to the sun, sea, and/or a pearl 
on tests I and il. 
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201 38.9 
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my spending most of a semester explaining these differ- 
ences to my students, this questionnaire showed that I 
had not completely succeeded. I was able to salve my 
pride a bit, however, by noting that all of them did 
know, at least, the living things; not one had miscalled 
any in that category, though admittedly, I did not in- 
clude such “doubtful’(?) items as seeds or germs. 
Further analysis of my questionnaire helped to cor- 
roborate my viewpoint as the following facts revealed 
by the semester grades earned by the students shows. 


Students 
more incorrect 


making one or 
choices 


No. of 
students 
answering 


Course 


grade 


Number Percentage 


1 0 0 

19 ] ° 

; 26 1( 38 
D 20 1 65 


Q¢ 


IJ 


) 
3 
F 2 | 50 
Total 71 29 


It will be noted that the percentage of students giving 
incorrect answers increases as the grades become lower 
(the F category being out of line, probably, only be- 
cause of the low numbers). Many of the wrong answers 
and reasons for the choices indicated mainly lack of 
knowledge or, possibly, simply caution; those who said 
that “the ocean is living because it contains living mat- 
ter which is always floating around in it” were probably 
following a belief that professors, being what they are, 
you can never be sure whether or not they are merely 
trying to trick you. Significantly, I think, no one con- 
sidered the ocean or pearl or electric clock or any of 
the inanimate objects alive because “it has a soul” or 
“spirit” or “consciousness.” Even the answers reported 
by Dennis as imputing moods, temperament, and aware- 
ness to such things as the sea seem to me somewhat 
questionably animistic. I wonder how those students 
would define their terms. 

Thus, it would seem that actually very few of the 
answers can be called truly animistic. It is really the 
question of not knowing the difference between animate 
and inanimate that is “distressing,” though, if there are 
any real followers of animism, that is to be deplored 
also. It is probably somewhat difficult to draw the line 
between some of the incipient phases of animistic think- 
ing and the inability to apply the criterions of life to a 
concrete example or the ignorance of what are the 
characteristics of life. This, of course, may be cause for 
alarm, but it seems to me that ignorance of the neces- 
sity of study for learning, ignorance of English usage 
and spelling, ignorance of what is meant by the Ameri- 
can way of life, democracy, and truth, ignorance of 
many of the facts of science, humanities, and so forth, 
and many other shortcomings of college students are 
more vital than this possible animistic attitude, or even 
than the unobjective use of anthropomorphic terms. 

Although Dennis says some of this and implies much 
of it, I think that the emphasis in his article and in 
Crannell’s letter is not on this matter of inadequate 
learning as much as it should be. It is indeed less sur- 
prising to me to find anthropomorphic references so 
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widespread than it is to learn that “few p 
expect to find such ideas among teachers 
sophomores.” Possibly this is because I was 
under the objective tutelage of W. C. Alle 
stantly presented us with the fact that ther: 
most universal use of anthropomorphic tern 
actual belief in anthropomorphism. Many 
behavior, as well as other biologists, and c: 
public generally (witness Disney’s otherwis: 
‘“Nature’s Half Acre,” “Bear Country,” “Beay 
and so forth) attribute human qualities to 
kinds of animals and plants. It is not a gr 
speak of the awareness of the sea that there ; 
on its bottom. Probably, many persons who 
terms do not really mean what they say, 
analogies without saying so. However, many 
do mean what they say, but often because of 
and the fact, documented by psychologists, t! 
is little transfer of learning. Each new case must 
parently have specific instruction or “many concepts of 
the world that are identical with those of a child 
the uneducated” will be found to be held 
educated. 

Donatp C. Lowne 
Department of Biological Sciences 
University of Idaho 


Berliner Zentralbibliothek 

It was a pleasant surprise to see the picture of 1 
Berliner Zentralbibliothek-American Memorial Library 
on the cover of The Scientific Monthly for April 1954 
Unfortunately, the caption, “Reconstruction of the Free 
University of Berlin,” is incorrect. The structure is the 
first large large American-type, open-shelf public library 
in Berlin. It has no official connection with the Free 
University of Berlin and is not a reconstructed building 
It is entirely new. In the fall of 1951, Francis Keally, 
New York architect, and I went to Berlin at the u- 
vitation of the U.S. Department of State in the capacity 
of architectural and library consultants for the design 
of this thrilling public library. I returned in the spring 
of 1953 to assist in organizing the staff of the library 

Do not feel too badly about the incorrect caption. 
The New York Times in its issue of March 12 pictured 
the rear of the Berliner Zentralbibliothek—-Ame' 
Memorial Library and stated, “Casting a glow that ca! 
be seen from the Soviet sector, four blocks away. . . 
Actually, the more impressive six-story facade 
the Soviet sector, and the rear faces in the general 
rection of the Tempelhof Airport. 

May I refer readers to the March 15, 1954, 1s 
the Library Journal and to the March 1953 issue 
Architectural Record for more complete descript 
this new public library? 

Cuartes M. Mour 

The Detroit Public Library 
Detroit 2, Michigan 


Our caption was based on information obtained from 
an agency in this country devoted to German aja 
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ENGINEERS More Precision in 
and Air Conditioning 


PHYSICISTS Niagara “Controlled Humidity” Method provides air 
ai is sacha at precise conditions of temperature and moisture 
content. 
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A symposium volume of the American Association for the 
Advancement of Science 


The four general subjects of this symposium offer an exciting array of 
interesting developments. The treatment of special phases of the topics by an 
eminent group of authors will appeal to both theoretical and experimental 
physicists. 

The field of elementary particles has brought forth a vast amount of ob- 
servational data but no unifying theory. The other three fields covered by 
this book rest on well understood foundations. The problem is to find experi- 
mental evidence corresponding to the theoretical predictions. The material 
included here is pertinent to this problem. 


CONTENTS 
Elementary Particles 
The Magnetic Moment of the Electron P. Kuscu, Columbia University 
Cosmic Ray Experiments at High Altitudes Epwarp P. Ney, University of Minnesota 


Developments in Cosmic Radiation, 1945-1950 J. C. Srreet, Harvard University 
Physics of the Solid State 


The New Electronics Kari LarKk-Horovirz, Purdue University 
Flow of Electrons and Holes in Semiconductors —_J. BarpEEN, University of Illinois 
Barium Titanate Ferroelectrics A. von Hiprpet, M. I. T. 


Chemical Physics 


The Structure of Polymers Peter J. W. Desye, Cornell University 
Implications of the Chemical Kinetics of Some Rurus Lumry and Henry Eyrinoe, 

Biological Systems University of Utah 

Biophysics 

Some Physical and Chemical Properties of Axon FRANK Brink, Jr. 

Related to Conduction of Nerve Impulses Johns Hopkins University 
Bioluminescence and the Theory of Reaction Frank H. Jonnson, 

Rate Control in Living Systems Princeton University 


American Association for the Advancement of Science 
1515 Massachusetts Avenue, NW, Washington 5, D. C. 
English Agents: Bailey Bros & Swinfen, Ltd., 46 St. Giles High Street, London, W. C. 2 

















